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Early animal development takes place 
inside a fluid filled chamber that is 
enclosed by a protective acellular 
structure or egg envelope. With con-
tinuing growth and depletion of nu-
trient reserves it becomes essential 
that the embryo emerges from this en-
velope. The process m which the em-
bryo sheds its envelope is generally 
defined as hatching. In the first 
chapter we will point out that the 
morphogenetic stage m which an em-
bryo hatches, as well as the hatching 
mechanism, differ according to the 
ontogenetic pattern of the species m 
question. 
Hatching m teleostean fishes is a 
complicated process The embryo pro-
duces a specialized hatching enzyme 
that is responsible for the break-
down of the zona radiata interna of 
the egg envelope. The envelope rem-
nants are subsequently shed by mus-
cular contractions. Although the study 
of hatching in teleosts has a long 
history (Chapter l ì , a clear picture 
of the process was still lacking at 
the start of the present investiga-
tion. In our opinion a comprehensive 
appreciation of the enzymatic hatch-
ing process m teleosts is only pos-
sible by taking into account the dis-
tinct but highly interrelated events 
occurring at different levels of bio-
logical organization- (1) the molecu-
lar level (hatching enzyme, lysis of 
the zona radiata interna), (21 the 
cellular level (hatching gland cells, 
hatching enzyme secretion) and (3) 
the organismal level (the embryo, re-
gulation of hatching enzyme secre-
tion). In order to come to an inte-
grated view of the various biologi-
cal events that play a role m the 
enzymatic hatching process of fish 
embryos, we combined biochemical, 
physiological and morphological app-
roaches . 
First of all, we isolated and puri-
fied hatching enzyme of pike embryos 
(Esox luelus L.) and determined some 
important physicochemical properties 
of the enzyme (Chapter 2). By means 
of light microscopic (Chapter 3) and 
electron microscopic (Chapter 4) ob-
servations and the use of specific 
antibodies against the purified pike 
enzyme, we have identified a particu-
lar gland cell as the site of hatch-
ing enzyme synthesis, storage and re-
lease. The changes in fine structure 
of the hatching gland cells around 
hatching, i.e. during hatching enzyme 
secretion and hatching gland cell de-
generation, are also reported m Chap-
ter 4. 
Ά comparative ultrastructural study 
of the breakdown of the egg envelope 
by hatching enzyme m three teleost 
species is described in Chapter 5. 
The swelling of the egg envelope ob­
served during hatching and incubation 
in vitro either with hatching gland ho-
mogenates or with some proteolytic 
agents, is the subject of Chapter 6. 
A method for the isolation of hatch-
13 
mg gland cells from the ricefish or 
medaka (Oryzias latipes/l is reported 
m Chapter 7. Evidence m favor of a 
primary messenger role of the hypo-
physeal hormone prolactin in teleos-
tean hatching enzyme secretion is pre-
sented m Chapter 8. Further investi-
gation of the regulation of the en-
zyme secretion suggests a dopaminer-
gic control (Chapter 9). 
Finally, the implications of our 
findings for an integrated understan-
ding of the teleostean hatching pro-




COMPARATIVE DEVELOPMENTAL BIOLOGY 
OF THE HATCHING PROCESS 
WITH SPECIAL REFERENCE TO TELEOSTS 
1.1. Ontogenetic Pattern and Hatching 
The most widespread and typical form 
of animal multiplication is sexual re­
production. Gametogenesis or the pro­
duction of oocytes and sperm in female 
and male gonads, respectively, maybe 
considered its prelude. Sperm-egg in­
teraction in fertilization results in 
activation of the egg and is followed 
by cleavage, blastulation, gastrula-
tion, neurulation and organogenesis. 
Finally, the animal grows to reach its 
adult size and the organ rudiments 
gradually acquire the structural and 
functional properties which enable 
them to perform their physiological 
functions. Although this basic scheme 
is very similar in all animal species, 
many different ontogenetic patterns 
have evolved. The following examples 
will illustrate this. 
Many fertilization mechanisms (rough­
ly divided into external and internal 
fertilization) exist to ensure that 
sperm and egg will actually meet. 
Furthermore, the degree of maturation 
at which the egg is fertilized may 
differ. For instance, Аьсань 
shares with various other nematodes, 
plathelminths, molluscs and crusta­
ceans this peculiar feature, that the 
meiotic divisions of the egg nucleus 
take place after insemination. Most 
mammalian eggs are in their second 
metaphase at the time of fertiliza­
tion. In sea urchins, the penetra­
ting spermatozoon will encounter a 
haploid oocyte nucleus, that has 
already accomplished the two meio­
tic divisions. 
Physicochemical properties of the 
egg, such as the amount and distri­
bution of yolk, greatly influence 
development. The mammalian egg con­
tains very little yolk and displays 
holoblastic cleavage, whereas in the 
teleostean egg, with its large amount 
of yolk, meroblastic cleavage occurs 
which is limited to a disc of ooplasm. 
Reproductive strategies in teleosts 
show a large diversity and include 
complicated adaptations such as em­
bryonic diapauses in annual fishes 
(Wourms 1972) and viviparity (Wourms 
1981). 
Likewise, the ontogenetic stage at 
which an embryo hatches varies accor­
ding to species. In some cases the 
animal that escapes from the egg en­
velope is a miniature copy of the 
adult animal (e.g. the nematodes, 
Perry and Clarke 1981). More often, 
however, the animal that emerges f rom 
the egg differs greatly from the 
adult. Frequently, a larva escapes 
from the egg, which has to undergo 
metamorphosis to be transformed into 
an adult-like animal. Holometabolous 
insects, for example, hatch from 
their egg envelope (chorion) as cater­
pillars that after successive molts 
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will transform into pupae, often en-
cased in cocoons. Emergence of the 
adult insect from the cocoon is fa-
cilitated by a cocoon digesting enzyme 
(for a review, see Hruska and Law 
1970) in a process defined as eclo-
sión. A striking example of metamor-
phosis among vertebrates is found in 
the amphibians. A frog embryo hatches 
as a tadpole that is transformed into 
a frog through metamorphosis. 
This hatching as a morphogenetic 
process in the later phases of onto-
geny contrasts with the early hatch-
ing of mammals and echinoderms in the 
blastula stage. The very small mam-
malian egg (approximately 100 firn) is 
almost yolkless and develops relati-
vely independently inside the uterus 
until the embryo hatches. Shortly af-
ter hatching (see below), implanta-
tion takes place and the embryo will 
largely depend on the mother during 
subsequent development. 
1.2. Time and Mechanism of Hatching 
in Vertebrates and Sea Urchins 
In this Section a brief survey of 
vertebrate hatching is given. Echino-
derms will be included because of their 
importance in the study of enzymatic 
hatching and, indeed, in experimental 
developmental biology as a whole. The 
description of the emergence of fish 
embryos is limited to the teleosts 
and will be described in the next 
Sections in more detail. 
Several basically different hatch-
ing mechanisms exist. Although exam-
ples of parental aid are known, hatch-
ing is predominantly the result of 
forces or agents of embryonic origin. 
The latter category includes several 
mechanisms. First, tearing up of the 
covering may be caused by mechanical 
forces such as muscular contractions, 
an increase in volume of the embryo, 
or puncturing by specialized embryo-
nic structures. Second, there is the 
possibility of lysis of the envelope 
by hatching enzyme. Third, an increase 
of the perivitelline space volume due 
to osmotically active materials may 
be at the origin of hatching. Accor-
ding to Needham (1931, 1950) enzyma-
tic hatching developed later in phy-
logeny than osmotic hatching. In 
many species, rupture of the covering 
is accomplished by a combined action 
of several mechanisms. 
The egg envelope in téleostean fishes 
is first weakened by hatching enzyme 
after which it is ruptured by muscu-
lar contraction (Section 1.3). As 
this process takes place late in mor-
phogenesis, it may serve as an exam-
ple of pre-adult hatching. The latter 
holds true for amphibians as well. 
Hatching of amphibians has been ex-
tensively studied in anurans. The 
outer jelly layers of these eggs are 
ruptured by water imbibition of the 
innermost jelly layer and by an in-
crease in volume of the perivitelline 
space. In a second phase, partial di-
gestion of the fertilization enve-
lope by hatching enzyme precedes the 
mechanical breaking by muscular con-
tractions (Caroli and Hedrick 1974). 
Reptiles and birds hatch from egg 
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shells into adult-like forms probably 
in a purely mechanical way. An enzyme 
may, however, be involved in the 
breakdown of the chicken vitelline 
membrane (Buznikov and Ignatieva 
1958). In the final hatching act of 
avian embryos the previously autono-
mic but uncoordinated embryonic mo-
tility changes into a more complex, 
stereotyped, and coordinated pattern. 
This hatching behavior includes at-
tainment of the hatching position in-
side the egg (tucking), membrane pe-
netration, pipping of the shell, and 
actual emergence (Pittman et al. 
1978). 
The mamnialian embryo hatches early 
in ontogeny inside the uterus. A 
hatching protease plays an important 
role in dissolving the zona pellucida 
shortly before the implantation of 
the embryo in the uterine wall (Dick-
mann 1969). The origin of this pro-
tease has been the subject of con-
siderable controversy. A uterine en-
dopeptidase is present at the time 
of hatching and implantation. It is 
not capable, however, of digesting 
the zona pellucida of fertilized eggs 
(Rosenfeld and Joshi 1981). This pro-
tease of maternal origin may play a 
role in the implantation process 
(Rosenfeld and Joshi 1977). The tro-
phoblast most likely synthesizes the 
protease responsible for the lysis of 
the zona (blastolemmase or hatching 
enzyme) or produces at least some 
factor activating a possible uterus-
derived zona lysin (Denker 1980). 
Hatching in vitro of mouse (Biggers 
et al. 1978) and cow (Fléchon and 
Renard 1978) blastocysts may be the 
result of expansion of the embryo, 
possibly due to accumulation of the 
fluid in the blastocoel. 
Another example of early hatching 
is displayed by the echinoderms. In 
particular sea urchins have been 
studied extensively. Like mammals, 
sea urchins hatch in the blastula 
stage. The environment in which these 
embryos develop is, however, totally 
different from that of mammals and 
obviously no maternal factors are in-
volved. In the echinoderms the es-
cape from the fertilization envelope 
is achieved by the release of a hatch-
ing enzyme from the embryo (for a 
review, see Barrett and Edwards 
1976). The enzyme is not only secre-
ted by the embryo, but its synthe-
sis is also mediated by newly formed 
mRNA from embryonic chromatin (Show-
man and Whiteley 1980). 
1.3. Historical Perspective of the 
Teleostean Hatching Process 
As early as 1900 Graham Kerr sug-
gested that an enzyme of embryonic 
origin might be responsible for the 
weakening of the egg envelope of the 
lung fish Lepidosiren paradoxa. A 
few years later Bles (1905) sugges-
ted a similar mechanism for the am-
phibian Xenopus laevis. Neither 
Kerr nor Bles actually tested the 
existence of a hatching enzyme with 
chemical methods. The first experi-
mental evidence for enzymatic dis-
solution of the teleostean egg en-
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velope was obtained several years la-
ter in Oncorhynchus keta (Moriwaka 
1910), in Salmo gairdneri irideus 
(Wintrebert 1912a) and Carass2us 
auratus (Wintrebert 1912b). These in-
vestigations were confirmed and ex-
tended in the twenties and thirties 
by, among others, Bourdin (1926a,b,c, 
d) and Hayes (1942) (for additional 
references and a review of this early 
work on hatching enzymes, see Need-
ham 1931, Buznikov and Ignatieva 1958). 
Armstrong (1936) found that in Fun-
dulus hetcroclitus the shedding of the 
egg envelope depends both on an en-
zyme and on the movement of the em-
bryo. Ishida's discovery of ahatching 
enzyme in the sea urchin (Ishida 
1936) and his work on hatching of the 
ricefish or medaka Oryzias latipes 
(Ishida 1944a,b) had a strong impact 
upon hatching research, most notably 
in Japan and the United States. In 
the latter investigation he suggested 
that hatching enzyme granules of me-
daka embryos are released by disin-
tegration of the glandular cells as 
a result of opercular movement. This 
hypothesis has been adopted ever 
since by some authors (e.g. Yamagami 
1981, DiMichele and Taylor 1981). A 
detailed discussion of the possible 
role of embryonic movement will be 
given below. 
A great interest in fish hatching 
also existed, and still exists, in 
Russia. For example, Ignatieva ( 1959) 
studied hatching enzyme secretion in 
sturgeon embryos and concluded that 
some unknown factor is needed to 
trigger hatching enzyme release. At 
that time the enzymatic nature of 
the hatching process in fishes was 
not yet generally accepted. An exam-
ple of this, relevant within the frame-
work of the present dissertation, is 
the work of Gihr (1957) on the deve-
lopment of the pike Esox lucius L. 
She failed to observe cells that 
could have been designated hatching 
gland cells and further suggested 
that a combined mechanical and os-
motic hatching mechanism causes the 
emergence of the embryo. But almost 
a decade later Kotlyarevskaya ( 1966) 
reported the presence of presumed 
hatching gland cells in pike embryos 
and described findings in favor of 
an envelope-weakening enzyme. 
Kaighn (1964), at MIT, performed 
the first "modern" biochemical study 
of the teleostean hatching process. 
He succeeded in partially purify-
ing the hatching enzyme of Fundulus 
heteroclitus and was able to demon-
strate its proteolytic action. 
Kaighn's estimation of the molecu-
lar weight (15 000-40 000) has been 
considered too high for a long time, 
but recent experiments with other 
teleost species (cf. Section 1.5, 
Chapter 2, Chapter 10) have shown 
that the molecular weight enters in-
to this bracket of values. Yamamoto 
( 1963) was the first to study the 
conjectured hatching gland cells by 
means of electron microscopy. 
Yamamoto's recent morphological 
contributions and Yamagami's bioche-
mical approaches in the study of the 
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hatching process of medaka embryos are 
reported in a series of papers appear-
ing in the seventies (for reviews, see 
Yamamoto 1975, Yamagami 1981). In this 
period salmonid hatching was studied 
by, among others, Hagenmaier (1972, 
1974a,b,c). While research on the hat-
ching of echinoderms and amphibians 
flourishes for quite some time, a re-
newed interest in teleostean hatching 
becomes apparent from publications of 
several laboratories (DiMichele and 
Taylor 1980, 1981; DiMichele et al. 
1981; DiMichele and Powers 1982; Cloud 
1981). These recent investigations are 
dealt with in the following Sections. 
1.4. Egg Envelope Breakdown 
In this Section a brief description 
of the structure and chemical compo-
sition of the egg envelope will be 
given as well as a review of results 
concerning the breakdown of the enve-
lope. For a description of the enve-
lope's origin, the functions of its 
composing parts, a possible thickness-
egg ecology relation and for a justi-
fication of the present terminology, 
the reader is referred to Chapter 5. 
The teleostean egg envelope is com-
posed of three main structures. The 
innermost part, adjoining the perivi-
telline fluid, is formed by the re-
latively thick and multilayered zona 
radiata interna (ZRI). This ZRI is 
bordered by the zona radiata externa 
(ZRE) and most externally the zona 
pellucida forms the surface covering 
of the egg. Ultrastructural observa-
tions of the envelope before fertili-
zation (Wourms 1976, Kuchnow and Scott 
1977, Dumont and Brummett 1980) and 
during breakdown in vitro by hatch-
ing enzyme (Yamamoto and Yamagami 
1975) suggest that the lamellae of 
the ZRI are composed of fibrils. 
Histochemical staining shows that 
the ZRI of the rainbow trout consists 
of proteins, whereas the outer layer 
contains not only protein, but also 
neutral carbohydrates and mucopo-
lysaccharides (Hagenmaier 1973). 
Biochemical analysis of medaka enve-
lope breakdown products reveal at 
least seven protein components (Denucé 
1975) that appear to be glycoproteins 
(luchi and Yamagami 1976). The amino 
acid compositions of the egg enve-
lope of the medaka (luchi and Yama-
gami 1976) and the rainbow trout 
(Hagemiaier :975, Hagemiaier et al. 
1976) show a high degree of sirúla-
rity. The envelopes are characterized 
by a high content of proline and glu-
tamine/glutamic acid. It may be that 
glutamyl-lysine isopeptide cross-
links are formed during the hardening 
reaction of the envelope after ferti-
lization (Hagenmaier et al. 1976). 
The so-called hardening enzyme (Zotin 
1958) may thus be a transglutaminase. 
These isopeptide bonds may confer the 
advantage of greater mechanical sta-
bility to the envelope in the post-
fertilization-prehatching period. 
Apart from its mechanical stability 
the egg envelope also proves to be 
of great chemical stability. This be-
comes apparent from the resistance 
of the envelope to many chemical dis-
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sociating agents and the fact that 
only few proteases are capable of di-
gesting the egg envelope (Kaighn 1964, 
Hagenmaier 1975). 
It is known for a long time already 
that the envelope is not completely 
digested during hatching. In the pre-
ceding Section we have pointed out 
that the envelope remnants are rup-
tured by muscular activity. Morpholo-
gical observation of egg envelopes in-
cubated in vitro with hatching enzyme 
indicates that digestion is limited 
to the ZRI (Bell et al. 1969, Yamamoto 
and Yamagami 1975), even though the en-
zyme has direct access to the outer 
surface under these conditions as well. 
In a qualitative and quantitative study 
of the seven aforementioned glycopro-
teins, solubilized from the medaka en-
velope by hatching enzyme, Yamagami 
(1981) speculates that six of these 
glycoproteins belong to a "family" 
and form a special interlinked inte-
grity constituting the lamellae. 
The egg envelope displays an in-
crease in thickness during breakdown 
by a hatching enzyme-pancreatinmix-
ture (Sakai 1961), by pronase (Bell 
et al. 1969) and possibly also by 
hatching enzyme (Yamamoto and Yama-
gami 1975). Medaka egg envelopes incu-
bated in vitro with a particular agar 
electrophoretic fraction of hatch-
ing gland homogenates undergo a 
striking swelling, according to Ohi 
and Ogawa (1970), who ascribe this 
phenomenon to the presence of a dis-
tinct "swelling enzyme" in the hatch-
ing gland cells. 
1.5. Hatching Enzyme 
A comparison of the hatching en-
zyme of various representatives of 
the teleosts with the amphibian and 
the echinoderm hatching enzymes is 
possible with respect to three pro-
perties that have been studied ex-
tensively: the molecular weight, the 
pH optimum and the sensitivity to in-
hibitors. Molecular mass estimations 
of the enzyme of the medaka (Yama-
gami 1972) and the rainbow trout 
(Hagenmaier 1974a), performed with 
gel filtration, point at 8 000 and 
10 000 daltons, respectively. Values 
in the same range were later found 
for these species, again by means of 
gel filtration (medaka: Denucé 1975, 
Denucé and Thijssen 1975; rainbow 
trout: Ohzu and Kasuya 1979) . Although 
sucrose density gradient centrifuga-
tion of crude hatching enzyme of 
Fundulus heteroclitus indicated a 
molecular weight between 15 000 and 
40 000 (Kaighn 1964), at the start of 
the present investigation it was be-
lieved that the molecular weight of 
the teleostean hatching enzyme was 
around 10 000 (see review by Yamamoto 
1975, and Yamagami 1981). Urch, in 
our laboratory, was the first to 
question the validity of this assump-
tion as he found much higher values 
employing electrophoresis and centri-
fugation (U.A. Urch, unpublished re-
sults) . 
The pH optimum reported for hatch-
ing enzyme of different teleost spe-
cies is similar: between 7 and 9 for 
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the medaka (Yamagami 1973), about 
8.5 for the rainbow trout (Hagenmaier 
1974a) and between 8.0 and 8.5 for 
Fundulus heteroclitus (DiMichele et 
al. 1981). 
Far reaching agreement is also 
found in the papers describing the 
effect of inhibitors on the teleos-
tean hatching enzyme. Almost complete 
inhibition of the proteolytic reaction 
in all species examined is obtained 
with metal complexing agents such as 
EDTA (Yamagami 1973, Hagenmaier 1974a, 
b, Denucé 1976, DiMichele et al. 
1981), EGTA (Hagenmaier 1974b, Denucé 
1976) and ortho-phenanthroline (Denucé 
1976). No inhibition is caused by 
sulfhydryl protease inhibitors (Yama-
gami 1973, DiMichele et al. 1981). 
The results obtained with inhibitors 
of serine proteases are more complex. 
Whereas no inhibition occurred with 
hatching enzyme of the medaka (Yama-
gami 1973) and the rainbow trout 
(Hagenmaier 1974a,b), the Fundulus 
enzyme lost its activity following 
exposure to diisopropylfluorophos-
phate (DFP) (Kaighn 1964) and phenyl-
methanesulphonyl fluoride (PMSF) 
(DiMichele et al. 1981). A histoche-
mical study of the effects of serine 
protease inhibitors on the proteoly-
tic action of zebrafish embryos 
(Brachydamo reno) (Denucé and Thijssen 
1975) suggests the existence of a 
serine protease prior to hatching. 
In conclusion, various inhibitor stu-
dies give strength to the assumption 
that the teleostean hatching enzyme 
is a metalloprotease, but a possible 
serine protease character of the en-
zyme in Fundulus heteroclitus and 
Brachydamo rorio cannot be ruled out. 
The amphibian hatching enzyme, 
that causes limited proteolysis of 
glycoprotein components of the fer-
tilization envelope (Urch andHedrick 
1981b), is studied in the two anuran 
species Rana chensmensis (Katagiri 
1975) and Xenopus laevis (Urch and 
Hedrick 1981a). The molecular weight 
is around 60 000 and the pH optimum 
around 7.7. Inhibition by site-spe-
cific reagents points to a serine 
protease as well as a metalloprotease 
type enzyme (Katagiri 1975, Urch and 
Hedrick 1981a). 
Studies on echinoid hatching en-
zyme are highly controversial. Data 
on the sea urchin Strongylocentrotus 
purpuratus (Barrett and Edwards 
1976, Showman and Whiteley 1977) are 
in favor of a metalloendoprotease 
of about 30 000 dalton with a pH op-
timum between 7.4 and 8.8. Hoshi 
and his group, on the other hand, 
found in Strongylocentrotus mter-
mediub a molecular weight of about 
45 000 and a pH optimum around 8 
(Takeuchi et al. 1979). In addition, 
these investigators observed inhi-
bition of the purified hatching en-
zyme with EDTA and EGTA (Takeuchi et 
al. 1979). A peculiar contradiction 
appeared when specific inhibitors 
of chymotrypsin-like proteases were 
used. In a study with whole embryos 
and crude hatching enzyme, Hoshi et 
al. (1979) arrive at the conclusion 
that the sea urchin enzyme shows 
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similarities with chymotrypsin in ac-
tivity. In the other investigation 
mentioned (Takeuchi et al. 1979) no 
inhibition of the purified enzyme with 
inhibitors of serine proteases and 
chymotrypsin-like enzymes was found, 
which "seems to disagree with our early 
concept that the hatching enzyme is a 
chymotrypsin-like enzyme". These re-
sults on sea urchins point to ametal-
loprotease character of the echinoid 
hatching enzyme, whereas its possible 
chymotrypsin-like behavior as well as 
its molecular weight need further ex-
amination. 
1.6. Hatching Gland Cells 
A number of morphological investi-
gations suggests that the teleostean 
hatching enzyme is produced in specia-
lized cells. These conjectured hatch-
ing gland cells are located in diffe-
rent areas of the embryo, according 
to the species. In the medaka (Yama-
moto et al. 1979) and Fundulus hetero-
clitus (DiMichele and Taylor 198 1) 
they are found in the buccal cavity 
wall and in the opercular epithelium. 
In the zebrafish they occupy three 
patches in the yolk sac wall (Willemse 
and Denucé 1973, Denucé and Thijssen 
1975). In salmonids the presumed hat-
ching· gland cells are located in the 
external cell layers of the anterior 
part of the embryo and the lining of 
buccal cavity (Hagenmaier 1974c, 
Yokoya and Ebina 1976). In the pike 
they are scattered over the head and 
the anterior part of the yolk sac 
(Kotlyarevskaya 1966). Identification 
of the cells as hatching glands is 
primarily based on the observation 
that the cells accumulate granules in 
prehatching stage and disappear after 
hatching. By means of a gelatin sub-
strate-film technique some evidence 
has been given that these cells in 
the zebrafish (Denucé and Thijssen 
1975) and the granules of these cells 
in the rainbow trout (Hagenmaier 
1974c) contain a protease. Because 
the conjectured hatching gland cells 
are no longer found after hatching and 
because hatching enzyme performs only 
once during ontogeny, a holocrine se-
cretion type may be expected. Whether 
the cells indeed behave like holo-
crine glands, as is frequently sug-
gested (Ishida 1944a, Hagenmaier 
1974c, luchi and Yamagami 1976, Yokoya 
and Ebina 1976), remains uncertain, 
since only little is known about the 
mode of hatching enzyme release and 
the posthatching fate of the glandu-
lar cells. 
A similar situation as described in 
the foregoing paragraph is encounter-
ed in amphibians where conjectured 
hatching gland cells in Xenopus 
laevis (Bles 1905, Yoshizaki 1973), 
Alytes obstetricans (Meyer et al. 
1969) and Rana chensinensis (Yoshi-
zaki and Katagiri 1975) are predomi-
nantly localized in the external cell 
layers in the head region and in the 
dorsal body region along the mid-
line . 
Whether the echinoderm hatching en-
zyme is synthesized in specialized 
cells, is not known at present 
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(see, for instance, Nakatsuka 1981). 
1.7. Regulation of the Teleostean 
Hatching Process 
A good timing of the hatching event 
is essential for the survival of the 
embryo. On the one hand, the embryo 
needs protection by the egg envelope 
and the perivitelline fluid. On the 
other hand, these protective devices 
form a barrier for continuing onto­
genetic development and have to be 
eliminated in time. 
Mainly two types of experiments have 
been performed in order to gain infor­
mation on the regulation of the tele­
ostean hatching process. In the first 
type of experiments, embryos are sub­
jected to various, mostly non-physio­
logical, influences, and the effect 
of these on hatching is tested. In 
the second type of experiments the 
effect on hatching of biological 
agents, such as neurotransmitters and 
hormones, is studied. 
Scheminzky and Gauster (1924), while 
studying the influences of electric 
current on trout egg development 
(Salmo lacustns), have observed a 
considerable shortening of the period 
between fertilization and hatching (by 
8 days, out of 53 days) after passing 
a sublethal current through the eggs 
throughout development. Controls 
show that this was not an accelera­
tion of the developmental process, 
but a precocious weakening of the egg 
envelope (Scheminzky and Gauster 
1924), presumably caused by antici­
pated release of hatching enzyme 
(Needham 1931, ρ 1396). More than 
fifty years later Japanese investi­
gators observed a similar effect of 
short electric stimulation at the end 
of the embryonic period in the rain­
bow trout (luchi and Yamagami 1976b) 
and the medaka (Yamamoto et al. 1979). 
Although they provided proof for the 
hypothesized electrically induced 
precocious hatching enzyme release 
(luchi and Yamagami 1976b, Yamamoto 
et al. 1979), the implications of 
this effect for the understanding of 
hatching gland cell regulation under 
natural circumstances remain obscure. 
High ambient oxygen inhibits hatch­
ing in Fundulus heteroclitus (Milk­
man 1954), whereas low oxygen levels 
induce hatching in embryos that are 
about to hatch (rainbow trout : Hamdorf 
1961, Hagenmaier 1972; Fundulus 
heteroclitus: DiMichele et al. 1981). 
According to DiMichele and Taylor 
(1980) oxygen concentrations exceed­
ing 6 ml O2/I delay hatching indefi­
nitely, but low oxygen concentrations 
do not cause premature hatching. In 
conjunction with 10 M epinephrine 
andlO_5M of the anesthetic MS 222, 
low oxygen does result in precocious 
hatching (DiMichele and Taylor 1981). 
In a recent paper DiMichele and 
Powers ( 1982) report a correlation 
between the lactate dehydrogenase-B 
genotype and hatching time of Fundulus 
heteroclitus embryos. The authors 
hypothesize that the hatching times 
of LDH-B genotypes differ because 
of differences in blood oxygen af­
finity. On the basis of these re-
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suits DiMichele and coworkers hypo-
thesize that some respiratory stress 
response in fundulus heteroclitus 
leads to respiratory movements that 
cause the release of hatching enzyme 
(DiMichele and Taylor 198 1, DiMichele 
and Powers 1982). 
A mechanical release mechanism was 
postulated before by Ishida (1944a, 
b) for medaka embryos and has been 
supported since by Yamagami (1981). 
These investigators assume that the 
epithelium of the buccal cavity and 
of the operculum which harbors the 
hatching gland cells, in both the medaka 
and Fundulus (Section 1.6), is torn up 
by the respiratory movements (Ishida 
1944a,b, Yamagami 1981, DiMichele and 
Taylor 1981). 
Hagenmaier (1974) also postulates 
that a lowered oxygen supply inside 
the rainbow trout egg could be the 
stimulus for hatching enzyme release. 
He speculates that this oxygen shor-
tage either mobilizes some humoral 
factor that will stimulate the hatch-
ing gland cells, or has some direct 
effect on the cells, such as calcium 
liberation by the mitochondria 
(Hagenmaier 1975). 
In preliminary experiments luchi 
and Yamagami (1976b) have not obser-
ved changes in hatching gland cells 
of trout embryos upon addition of 
neurotransmitters such as acetylcho-
line, norepinephrine, serotonin and 
dopamine. These authors consider it 
improbable, that the aforementioned 
precocious hatching enzyme secretion 
by electrical stimulation "occurs 
through excitation of nerve". Pre-
cocious hatching of medaka embryos 
under the influence of added deoxy-
corticosterone is observed by Cloud 
(1981). This corticosteroid does not 
appear to accelerate development of 
the embryos and Cloud (1981) suggests 
some ionophore-like effect, directly 
on the hatching gland cells. Fish em-
bryos, however, do not contain de-
oxycorticosterone, according to 
Terner (1979), which obscures the 
physiological significance of Cloud's 
data. 
A unique isozyme of malate dehy-
drogenase which appears shortly be-
fore hatching and goes out of sight 
at/or shortly after hatching has 
been reported (Whitt 1981). Whether 
this and other so-called hatching 
specific isozymes (Whitt 1981) are 
related to the metabolism associated 
with production of hatching enzyme, 
or with regulation of hatching en-
zyme release, remains to be eluci-
dated. 
1.8. Aims of the Present Investi-
gation 
From the preceding Sections it 
becomes clear that hatching in te-
leostean fishes is a complicated 
process that includes distinct but 
highly interrelated and catenated 
events occurring at different levels 
of biological organization. An inte-
grated view is therefore essential 
for an understanding of the teleos-
tean hatching process. With this in 
mind, we have set out to gain more 
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Information about structural and func-
tional aspects at the molecular, the 
cellular and the organismal level by 
applying biochemical, morphological 
and physiological approaches. 
Although the proteolytic nature of 
the teleostean hatching enzyme has 
been firmly established, the enzyme 
is still poorly characterized. At the 
onset of our investigation, our pri-
mary concern was to find a suitable 
isolation procedure for a teleostean 
hatching enzyme as a prerequisite for 
subsequent characterization experi-
ments. The pike (Csox lucius L.) is 
chosen because this species is reared 
on a large scale in some hatcheries, 
which guarantees the obtention of 
large amounts of crude enzyme. The dis-
advantage that only during a short 
period of the year material can be col-
lected is compensated by the high sta-
bility of the crude enzyme in frozen 
state. In the characterization of the 
pike enzyme, special attention is 
given to its molecular weight and its 
conjectured metalloprotease nature. 
As described in Section 1.5, the re-
ported molecular mass of teleostean 
hatching enzymes has so far only been 
determined by means of gel filtration 
and situated around 10 000 dalton. It 
is known, however, that certain pro-
teases yield anomalously low molecu-
lar sizes by this method (Voordouw et 
al. 1974). The presumed metallopro-
tease character of the teleostean hat-
ching enzyme is based on its inacti-
vation by metal binding agents (Sec-
tion 1.5). Only one out of five cri-
teria to define the enzyme as a me-
talloprotease has been met in this 
way (cf. Vallee 1955, Vallee and 
Wacker 1970). 
With the highly purified hatching 
enzyme preparation as an antigen, we 
have raised a specific antiserum to 
be used in the localization of sub-
stances reacting with this immune se-
rum in pike embryos (Chapter 3) and 
pike hatching gland cells (Chapter 
4). For a better understanding of 
the protease heterogeneity the hatch-
ing medium is studied immunochemi-
cally by means of these antibodies as 
well (Chapter 3). The light micros-
copic study in Chapter 3 shows anti-
hatching enzyme reactive hatching 
gland remnants phagocytized in the 
epidermis after emergence of the em-
bryo, thus suggesting some merocrine 
release mechanism that is followed 
by cell degeneration. This is ultra-
structurally investigated and repor-
ted in Chapter 4 . 
Against the background of known ul-
trastructural differences in the te-
leost egg envelope, we looked into 
changes occurring in these envelopes 
as a result of hatching (Chapter 5) . 
An experimental study to elucidate 
the sensitivity of the teleostean 
egg envelope to various chemical 
agents and the structural aspects of 
the proteolytic enzyme-substrate re-
action, is reported in Chapters 5 and 
6. In the latter special attention 
is given to the postulated presence 
of a so-called swelling enzyme (of. 
Section 1.4). 
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As a preamble to cell physiological 
studies on teleostean hatching gland 
cells, we have developed a method to 
isolate these cells from medaka em-
bryos (Chapter 7). Medaka embryos 
(Oryzias latipes) are chosen because 
fertilized eggs are available on a 
daily basis from a laboratory stock. 
The study to be described in Chapter 
7 further shows that the localiza-
tion of the hatching gland cells in 
a sheet of contiguous cells in the 
buccal cavity wall and the opercular 
epithelium (Section 1.6), facilitates 
the preparation of a relatively large 
number of cells. An inquiry for a 
possible primary messenger in the ac-
tivation of hatching enzyme secretion 
by medaka hatching gland cells is 
described in Chapter 8. It appears 
that the hypophyseal hormone prolac-
tin could exert a stimulating influ-
ence on hatching enzyme secretion. 
The hypothesis was put forward, that 
a dopaminergic system may be involved, 
because ample evidence exists that 
prolactin release is under inhibitory 
control of dopamine in adult indivi-
duals of all vertebrates studied (see 
Chapter 9). This hypothesis was check-
ed by exposing embryos to agents that 
are known to alter the activity of 
dopaminergic systems (Chapter 9). 
Finally, Chapter 10 presents a dis-
cussion of our findings and their im-
plications for the understanding of 
the teleostean hatching process. 
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PURIFICATION AND CHARACTERIZATION OF 
HATCHING ENZYME OF THE PIKE 
(ESOX LUCIUS)* 
A N D R E F M S C H O O R and J M A N U E L D E N U C E 
Department of Zoology, Catholic University, Toernooiveld, 6525 ED Nijmegen 
The Netherlands 
(Receiued 15 October 1980) 
AbslracI—I A chonolytic enzyme was isolated from the hatching medium of the pike, ESOJC lucius 
2 The enzyme is defined as hatching enzyme 
3 The molecular weight of the enzyme is 24,000 
4 The enzyme is a glycoprotein containing 2% carbohydrate 
5 Its isoelectric point is 6 5 
6 The pH optimum is around pH 8 
7 The enzyme molecule contains two disulfide bonds but no free cysteine 
8 Inhibitor studies and metal analysis show that the enzyme is a zinc melalloproteasc 
INTRODUCTION 
Embryos of various aquatic vertebrate animals are 
surrounded by protective structures (vitelline enve­
lope, chonon) which become ruptured after the 
embryo has attained an advanced stage of develop­
ment From a review of the literature on the hatching 
process in fishes (Buzmkov & Ignatieva, 19S8, Yama­
moto, 1975) it appears that mechanical rupture of the 
chorion is always preceded by enzymatic dissolution 
of this structure The chononase or hatching enzyme 
which is responsible for this chonolytic process has 
been studied in the Japanese medaka, Oryzias ¡atipes 
(Yamagami, 1973, Denuce, 1975), and the rainbow 
trout, Salmo gairdnen (Hagenmaier, 1974a). From this 
work it appears that the enzyme is a melalloproteasc 
with ал apparent molecular weight of about 10,000 
The latter value should, however, be considered pro­
visional. as in our laboratory a much higher molecu­
lar weight is found for the medaka (Urch U A , 
unpublished data) 
Some aspects of the hatching process in another 
freshwater fish, the pike (Esox lucius), have been de­
scribed by Kotlyarevskaya (1966) She concluded that 
a hatching enzyme plays an important role in decreas­
ing the strength of the chorion shortly before emer­
gence and that this enzyme is not a hyaluronidase 
We found in preliminary experiments that the hatch­
ing medium of the pike contains a proteolytic enzyme, 
which is able to digest the chonon isolated from pre-
hatching embryos, has an apparent molecular weight 
of about 10,000 as determined by gel filtration and 
shows the characteristics of a melalloproteasc 
• A preliminary report of certain aspects of this work 
was presented at the joint meeting of the Belgian and 
Dutch Biochemical Societies, Antwerp 6-7 June 1980 
(Schools & Denuce 1980) 
Abbreviations used Z-D-Phc T-Sepharose Carbobenz-
oxy-D-phenylalanyl-iriethyleneletraminË-Sepharose-4B 
In this paper a purification procedure for this pro-
teolytic enzyme of the pike, which we will define as 
hatching enzyme, and some of its properties are 
presented The molecular weight of the pure enzyme 
was studied in more detail because of the discrepancy 
in the medaka mentioned above and because of the 
difference we found between the molecular weight in 
crude preparations of the pike enzyme with Sephadex 
gel filtration and discontinuous acrylamide gel elec-
trophoresis We also studied the metallo-protem 
character of the protease as no conclusive results on 
this subject are available for fish hatching enzymes 
MATERIALS AND METHODS 
Materials 
Crude hatching medium Eggs were collected by squeezing 
the abdomen of female pikes Sperm was added immedi-
ately hereafter without addition of water After fenili? 
ation the eggs were allowed to develop in running tapwatcr 
(12-I40C) Near hatching the embryos were transferred to 
dishes, 5000 eggs or more per liter water, in which they 
hatched almost simultaneously This crude hatching 
medium was collected by filtering off embryos and chorion 
particles as soon as over 90% of the embryos had hatched 
The protein content of the medium thus collected normally 
ranged from 0 3-0 7 mg/ml This crude hatching medium 
was stored at - 6 0 o C until needed 
Chorions Chorions were carefully removed from 
embryos in prehatching stages with watchmaker s forceps 
The chorions were nnsed 3 times in 0 I M imidazole HCl 
buffer, pH 7 5, Iwice in distilled water, lyophilized and 
stored in a desiccator over sibcagel 
Chemicals Sephadex G-75 and G-75 Superfine were 
obtained from Pharmacia Fine Chemicals Ultroge) AcA 
54 and Amphohne earner ampholytes were from LKB 
Z-D-Phe-T-Sepharose was from Pierce Chemical Co 
N,N -Dimethylaled casein was either prepared according 
to the method of Lin et al (1969) or obtained from Serva 
(Heidelberg. FRG) Fluorescamm (Fluram) was also from 
Serva 
Molecular weight standards were purchased from 
Boehnnger Mannheim Coomassie Bnlliam Blue R250 
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was from Merck (Darmstjdi FRG) and dansyl hydra/mc 
from Serva 
EDTA EGTA CDTA <>-phenan(hroline. dithizone. 
ihioglycolic acid phenylmethanesulfonyl ñuonde. N-ethyl-
maleimide lodoacetic acid and dithioeryihreilol were 
purchased from Merck Soybean trypsin inhibitor was 
obtained from Boehnnger Mannheim ovomucoid (type 
lll-rt) dusopropylfluorophosphate and 5 5'-dilhiobis(2-
nitrobenzoic acid) from Sigma and L-l-chloro-3/Mosyl-
amido-4-phenyl-2-buianone (TPCK.) from Serva 
Methods 
Purification procedure A l l procedures were performed at 
0-4 C, except when noted otherwise The above frozen 
hatching medium was lyophilized and dissolved in 10 m M 
imidazole-HCl buffer. pH 7 5, al a concentration of 
25 mg/ml dry material This solution was centnfuged for 
30 mm at 20,000 g The resulting supernatant was applied 
on a Scphadex G-75 column (50 χ 5 cm. flow rate 67 ml/ 
hr. 7 ml fractions) equilibrated with 10 m M imidazole HCl 
buffer pH 7 5 Fractions containing proteolytic activity 
were pooled and applied on a Z-D-Phe-T-Sepharose 
column (10 ж 1 5 cm. flow rate I9 8ml/hr, I 2 ml fractions) 
for affinity chromatography Equilibration, eludon and 
gradient eluiion with a linear NaCl gradient, were all in the 
same buffer as for the gel filtration 
AnalMtcal yel filtration Analytical column gel filtration 
with Scphadex G-75 and Sephadex G-75 Superfine and 
Ullrogel AcA 54 was performed in a column (26 χ 0 5cm 
flow rale 0 13 ml/min. 0 5 ml fractions) in 0 1 M imidazole 
HCl buffer, pH 7 5 Molecular weight estimation using gel 
filtration was with the following standards catatase [M, 
240.000). bovine serum albumin ( M , 67.000). ovalbumin 
( M r 45.000), trypsin inhibitor [M, 21.500) and cytochrome 
Í (M r 12,500) 
En;yme assays The chonolytic activity was measured 
according to Yam agami (1970) using chorions as described 
above 
The proteolytic activity was determined with a fluoroge-
mc procedure similar to that described by Barrett & 
Edwards (1976) Equal amounts of enzyme solution and a 
solution of 10 mg/ml dimethylated casein in 0 1 M imida-
zole-HCl buffer, pH 7 5, are mixed to start the reaction 
Immediately after mixing a sample of 10 μ\ is taken and 
added to 600 μΙ of 0 Ι M imidazole HCl buffer. pH 7 5 
During vigorous mixing of these two solutions 200 μΙ of 
0 3 mg/ml fluorescamine in dry acetone is added This is 
also done after a timed incubation at room temperature 
The fluorescence of the blanks (0'-time). the other samples 
(f -time) and the standards was read at /(excita­
tion) = 390 nm. ¿(emission) = 470 nm on an Aminco 
Fluoro-Colonmeter model J4-7440 Standards of 
0- I00nmol glycine in 0 I M borate buffer, pH 90. were 
used One unit of enzyme activity was defined as the casei-
nolytic activity in 1 min resulting in the same increase in 
relative fluorescence as given by 1 nmol glycine 
Eletlrophoresis Discontinuous aery la nude gel electro-
phoresis was performed according io Davis (1964) The 
acrylamide concentration in the small-pore gel was 7 5% 
unless otherwise stated Electrophoretic molecular weight 
déterminations were made with two different techniques 0) 
Electrophoresis of native proteins in gels of concentrations 
between 5 and 15e0 was done according to the method of 
Hednck & Smith (1968) To determine the mobility of pro-
teolytically active material gels were sliced in 2 mm thick 
sections After glycine was allowed to diffuse out in 4 ml of 
distilled water for 10 mm, the protein was eluled in 50 /il 
01 M imidazole-HCl buffer. pH 7 5. in 4hr Al l above 
manipulations were carried out at 0-4"C As protein stan-
dards in these non-dissociating gels were used myoglobin 
( M , 17.200), trypsin inhibitor ( M r 21,500). chymolrypsmo-
gen A (M f 25 000) ovalbumin ( M r 45,000). bovine serum 
albumin (M, 67,000) and the albumin dimer ( M , 133,000) 
(li) Sodium dodecylsulfate-polyacrylamidc gel electro-
phoresis was performed according to Laemmli (1970) using 
13 2" f l gels Dodecyl sulfate electrophoresis of samples con-
taining hatching enzyme was both in the presence and 
absence of 10 m M o-phenanthrohne, known to inhibit this 
protease (see Results) Molecular weight was estimated 
using RNA polymerase ( M r 165.000. 155.000 and 39,000). 
Phosphorylase a [M, 92.500), bovine serum albumin (M r 
67,000), glutamate dehydrogenase ( M r 57 000) and trypsin 
inhibitor (M , 21.500) as standards 
Isoelectric focusing was performed in pH range 3 5-10 
and 5-8 as described by Wngley (1968) To determine the 
pi of hatching enzyme most of the ampholine was allowed 
ю diffuse out of the gels in 200 ml of distilled water for 
30 mm The gels were sliced in 2 mm sections and protein 
eluted m 50 μ\ 10 m M imidazole-HCl buffer p H 7 5. con­
taining 2 m M ZnCI 2 and 6 m M CaClj maximally stimu­
lating the proteolytic activity (see Results) 
Gels were stained for protein with Coomassie Brilliant 
Blue R 250. destamed and stored as described by Weber et 
al (1972) Staining for carbohydrate (glycoproteins) was 
performed with the periodic acid-Schiff method described 
by Fairbanks et ai (1971) and with the more sensitive flu­
orescent method using dansyl hydrazine according to Eck­
hardt er al (1976) 
Sedimentation analysis Sedimentation velocity experi­
ments were performed with a Beekman Spinco E analytical 
ultracenlnfuge equipped with ultraviolet optics and a 
photoelectric scanner Sedimentation coefficients were cor­
rected to water at 200C {s10w) Ultraccntnfugation of 
hatching enzyme was in the presence of 5 mM EDTA. inhi­
biting the proteolytic activity (see Results) Molecular 
weight was estimated with the standards of Fig 4 
Peptide mapping Peptide mapping of G-75-III material 
was performed without previous enzymatic digestion The 
material was separated by paper electrophoresis for 75 mm 
at 4400 V (100-150mA) m pyndine-acetic acid-water 
(100 4 900, by vol) buffer. p H 6 5. followed by chroma­
tography for 18hr in butanol-pyndine acetic acid-water 
(375 250 75 300, by vol) The position of the spots was 
detected under ultraviolet light, after staining wilh fluor­
escamine, and ninhydnne 
Protein and carbohydrate determinations Protein deter­
minations were earned out by the method of Lowry et al 
(1951) When low protein concentrations were expected. 
protein was first precipitated with trichloroacetic acid 
Bovine serum albumin was used as standard 
Carbohydrate was determined by the phenol-sulphunc 
and method of Dubois et al (1956) As standards glucose. 
galactose and mann ose were used 
Ammo at id analysis Samples containing 0 5 mg of hatch­
ing enzyme were hydrolyzed in vacuo at 110 С for 24 and 
48 hr m 6N HCl HCl was removed under reduced pressure 
and the residue dissolved in 200 m M sodium citrate buffer. 
pH 2 2. containing 0 5 o u (v/v) 2.2-thiodicthanol Amino 
acid analyses were performed with a JEOL Ammo Acid 
Analyzer JLC-6 AH Tryptophan was determined by ihe 
spectrophotomeinc method of Goodwin & Morton (1946) 
Cysteine was determined as carboxymelhylcysteme. the 
total of half-cysleine and cysteine residues as carboxymethy-
lated cysteine after reduction (Melbye & Carpenter. 1971) 
Total protein sulfhydryl was also determined with the Ell-
man reagent. 5 5-dithiobts(2-nitrobenzoic acid), according 
to the method recently described by Riddles et al (1979) 
Metalloprotease characterization In all experiments con­
cerning metal activation and inhibition and metal analyses 
appropriate precautions to prevent extraneous metal con­
tamination were taken (Thiers, 1957) Solutions involved 
were rendered metal-free by dithizone extraction according 
to the method described by Morrison (1979) modified as 
follows the solutions were extracted repeatedly m a separ-
atory funnel with a 4% (w/w) solution of dithizone in CCI* 
until there is no color change in the CC14 layer The sol-
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Table 1 Purification scheme for pike hatching enzyme 
Fractions 
Hatching medium 











































ution is then washed at least 10 times with CC14 to remove 
any dithizone left and the CO« is evacuated in a rotating 
evaporator 
Preparation of the apoenzyme was done by overnight 
dialysis of the holoenzyme against 7 5 mM EDTA followed 
by extensive dialysis vs 0 1 M NaCIO« in 10 mM imidazo­
le HCl buffer, pH 7 5 to remove EDTA from the apopro­
tein (Fee, 1973) Finally the apoenzyme was dialyzed thor­
oughly against 10 mM imidazole-HCI buffer pH 7 5 
Metal analyses were performed by atomic absorption 
spectrometry using the method of standard additions Cop­
per was determined using a Perkin Elmer HGA 72 graph­
ite furnace Calcium and zinc were determined by an acety­
lene-air flame technique described by Eaton & Schiemer 
(1978) for small samples 
Purification 
The purification results are presented m Table 1 
Ccntnfugation of the crude hatching medium resulted 
in а 2-4-ГоМ enrichment on a dry weight basis No 
trace of activity could be detected in the resuspended 
pellet of the 20,000 g œntnfugation The protein con-
centration of the soluble fraction was 8-10mg/ml and 
its carbohydrate content 250-300 /ig/ml 
Figure 1 shows the gel chromatographic pattern of 
the 20,000 g supernatant on a Sephadex G-75 column 
The most obvious protein bands of the crude material 
in Polyacrylamide gel electrophoresis had the follow-
ing molecular weights 133,000, 125,000, 100,000, 
75,000 and 57,000 The void volume peak (I) appar-
ently contains most of the protein and carbohydrate 
It also shows some proteolytic activity Electro-
phoresis of G-75-I material followed by proteolytic 
activity screening gave the same Rm value for the ac-
tivity peak as for hatching enzyme (below) indicating 
only one protease being present in the crude medium 
This G-75-I pool contains all the proteins with the 
aforementioned molecular weights and practically no 
others In contrast to this material G-75-II contains 
only little protein, but its proteolytic activity reaches 
very high values The small shoulder between I and II 
was not further considered The carbohydrate content 
of G-75-II is rather high The material of the second 
peak consists of five predominant proteins The ob-
served increase in activity in the G-75-II pool (Table 
1) resulted in unexpected high recovery percentages 
This apparent activation might be due to the 22-ГоИ 
reduction in protein concentration or perhaps to re­
moval of some inhibiting substance G-75-III has 
025 -
Fraction number 
Fig 1 Chromatography on Sephadex G-75 of the water soluble proteins from the hatching medium of 
the pike Absorbancc at 280nm (Α2β0), · · increase in relative fluorescence units m the 
proteolytic enzyme assay (ÂFU), Û D absorbance at 485 nm in the phenol-sulphunc acid method 
on carbohydrate 
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Fig 2 Ζ D-Phe-T-Sepharose affinily chromatography of the pooled G-75-11 fractions absorbance 
at 280 nm (A2,0). · · inCTease in relative fluorescence units in the proteolytic enzyme assay (AFU). 
concentration of NaCl (M) in elution buffer 
practically no proteolytic activity nor any carbo­
hydrate Protein determinations by the Lowry 
method were in good agreement with the absorbance 
measured at 280 nm except for G-75-Ш Lowry-pro-
tem values were much lower in this peak than 
expected Probably this difference is not attributed to 
the presence of nucleic acids since the ratio of absorb­
ance at 260 nm/absorbance at 280 nm was 1 1 
Another characteristic of this G-75-Ш material was 
its relatively high blank fluorescence in the enzyme 
assay, possibly indicating the presence of amino acids 
and peptides Therefore, "peptide mapping" of the 
G-75-Ш pool without prior enzymatic digestion was 
performed It revealed 17 spots, 7 of which were neu­
tral. 8 positively charged and 2 negative 
Isolation of the hatching enzyme from the G-75-II 
protein pool by means of Z-D-Phe-T-Sepharose affin­
ity chromatography is illustrated in Fig 2 The 
enzyme has an obvious affinity to the adsorbent used 
in the present procedure, dissociation of the enzyme-
adsorbent complex occurring by changing the ionic 
strength Although the affinity of hatching enzyme is 
not very high, it was sufficient to achieve isolation 
Increased resolution of peaks И and III was obtained 
by the adapted gradient technique (Wallenborg, 1976) 
However, the present method was the optimal com­
promise concerning peak separation and enzyme con­
centration Purification of hatching enzyme of the 
medaka with the present procedure is also possible In 
this case the enzyme was detached from the adsorbent 
at a higher NaCI-concentration 
Evidence that peak HI from the affinity column 
contains only one protein which is proteolytically 
active is presented in Fig 3 The R
m
 value for this 
protease in a 7 5% acrylamtde gel as described in 
Materials and Methods is 0 35 Electrophoresis of the 
non-bound material showed two major proteins The 
non-specifically bound material contained six major 
bands Peak I contained practically all of the carbo­
hydrate present in the starting material (G-75-ІЦ The 
carbohydrate percentage in this peak I was 20% based 
on the protein content Peak II had no carbohydrate 
Characterization 
Relation to the hatching process To ascertain that 
the proteolytic enzyme can be defined as hatching 
enzyme we tested two important entena First, the 
enzyme should hydrolyze the natural substrate The 
enzyme indeed showed a powerful chonolytic activity 
Compared to pepsin and pronase the chorion was 
digested in a relatively short period of time while 
other proteases such as trypsin, chymotrypsin, colla-
genase and papain hardly affected the chorion (cf 
Ogawa &. Ohi, 1968, Hagenmaier, 1975) Second, the 
enzyme should be present at the developmental time 
of hatching In the penvitelline fluid from prehatching 
embryos, collected by puncturing the chorion, we 
only found proteolytical activity m the hatching stage 
Moreover, when embryos were dechononized as de­
scribed under Chorions and cultured, the medium 
contained proteolytic activity only a few hours before 
hatching 
Molecular weight Calibration of the Sephadex 
G-75 columns used in the present study with standard 
proteins for molecular weight estimation of hatching 
enzyme invanably resulted m a molecular mass of 
10,000 15,000 dalton The same result was obtained 
when 0 5 M NaCl was added to the buffer Moreover. 
making the gel chromatography of purified enzyme 
more analytical by the use of G-75 Superfine the same 
low molecular weight, namely 11,000 was obtained 
Gel filtration in Ultrogel AcA 54 gave a molecular 
massofapprox 14,000 dalton These results and those 




Fig. 3. Polyacrylamide gel electrophoresis of pool III of the Z-D-Phe-T-Sepharosc chromatography: the 
figure shows excellent agreement of the localization of the protein band in a 7.5% gel (top) with the 
maximum found in the proteolytic activity screening in a duplicate, unstained gel (graph). ÀFU, increase 
in relative fluorescence units in the enzyme assay; BFB, bromephenol blue front. 
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Gel nitration with Sephadex G-7S and Ultrogel AcA 54 was per­
formed under various conditions as described in Methods For disc-
eleclrophoresis of native proteins aery I amide gel concentrations from 
5 to 15% according to Hednck & Smith (1968) were used Hatching 
enzyme in the gels was located either by measuring the proteolylical 
activity or by general protein staining Dodecyl sulfate Polyacryl­
amide gel electrophoresis and ultracentnfugalion experiments were 
performed in the presence of 10 mM o-phcnanthrolme and 5 mM 
EDTA respectively both known to inhibit this protease (see results) 
The molecular weight estimation using the sjo * of the enzyme was 
done with a molecular weight sedimentation coefficient plot (Fig 4) 
Results from η experiments are presented as means with standard 
error of the mean 
given in Table 2 It shows thai disc-elcctrophoresis of 
native proteins according to Hednck & Smith (1968) 
followed either by activity measurement in gel shces 
or by staining of the gels point to a molecular mass 
close to 24,000 dalton Moreover, Table 2 shows that 
dodecyl sulfate Polyacrylamide gel electrophoresis of 
hatching enzyme with molecular weight markers gave 
a molecular mass of 24,000 dalton Assuming a globu­
lar character of the enzyme, its molecular weight can 
be derived from its sedimentation coefficient by com­
parison with well-defined other globular proteins 
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Human hemoglobin 
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Fig. 4 Estimation of molecular weight of hatching enzyme by sedimentation analysis the sedimentation 
coefficient, corrected to water at 20oC, of each protein standard was plotted against its molecular weight 
· , standards, O. hatching enzyme 
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pH 
Fig 5 Effect of pH on the acnviiy of hilching enzyme the proleolylic aclivily was delermincd with a 
fluorugemc procedure using dimelhylated casein as substrate Both enzyme and substrate were in univer-
sal buffer {Britton SÍ Robinson type) with varying pH as indicated For further details see Methods 
Mean values of relative activities from 5 expenmenls were plotted with standard error (bars) 
coefficient plot prepared with six globular proteins 
resulting in a molecular mass for hatching enzyme of 
25,400 
Carbohydrole content Using concentrated samples 
of hatching enzyme the absorbance measured with the 
phenol sulphuric acid method increased slightly, cor-
responding to 2% carbohydrate The hatching enzyme 
band in gel electrophoresis did not slam for carbo-
hydrate using the periodic actd-Schiff procedure 
However the much more sensitive fluorescent method 
for the detection of glycoproteins in Polyacrylamide 
gels using dansyl hydrazine gave a positive result (cor-
responding data not shown) 
Isoelectric point Isoelectric focusing of hatching 
enzyme resulted in a pi of 6 5 + 0 2 (corresponding 
data not shown) 
Effect of pH and tfahility Figure 5 shows that the 
activity of hatching enzyme had a broad pH optimum 
around 7 0 -90 The proteolytic activity in crude 
hatching medium was resistant to repeated lyophiliza-
tion and several cycles of freezing and thawing in con-
trast to the purified enzyme Punfied hatching enzyme 
at pH 7 5 was quite stable at 0-4°C, losing only 25% 
of activity in 1 week The punfied enzyme completely 
lost its activity when it was heated for 30 mm at 60°C 
Heating apoenzyme reactivated with Zn2* (below) 
showed the same characteristic Ca2* increased the 
heat resistance in both cases by 10-20% No such 
Fe2 Mn2 stabilization occurred with Cu2 + , 
Mg 2 t 
Amino acid analysis The amino acid composition of 
pike hatching enzyme is presented in Table 3 The 
Table 3 Ammo acid composiiion of pike hatching enzyme 
Amino ac 
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To ta l 
The number of residues per molecule of hatching enzyme is based 
on a molecular weight of 24 000 Average values from 24 and 48 hr 
hydrolysates in duplicate or values extrapolated to zero hydrolysis 
time (Thr Seri are given Tryptophan was determined spectrophoto 
metrically by the method of Goodwin & Morton (19461 Cysteine and 
half-cystine were determined as carboxymethylcysteine cysteine was 
also determined with the Ellman s reagent as described in Methods 
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Fig. 6 Effecl of metal binding agents on the activity of hatching enzyme the reactions with EDTA (•) 
EGTA (A), CDTA (Δ), o-phenanthrobne (D) and thioglycolic acid ( · ) were earned out at room tem­
perature in media containing 25 pg/ml enzyme and varying amounts of metal chelators in 10 mM 
imidazole-HCl buffer pH 7 5 Proteolytic activity was determined as described under Methods and 
expressed as 100 times the ratio of inhibited rale constant (K,) to the control (fC
c
) 
table shows that the enzyme does not possess free 
sulfhydryl groups The enzyme contains two disulfide 
bonds 
Effect of inhibitors and activators No inhibition of 
the proteolytic activity was found with inhibitors such 
as dnsopropylfluorophosphate (DFP), phenylmetha-
nesulphonyl fluonde (PMSF), lodoaoetic acid and 
N-ethylmaletmtde (NEM) More speafic protease in­
hibitors such as soybean trypsin inhibitor and ovo­
mucoid and L-l-chloro-3p-losylamido-4-phcnyl-2-
butanone (TPCK), for trypsm-bke and chymotrypsin-
like enzymes respectively, also had no effect Dithioer-
\threitol (DTE) in a concentration of 1 mM caused 
almost complete inhibition of the enzyme activity 
Addition of 1 mM cystine restored the activity to 
about 50%, while a premcubaled equimolar mixture 
of cystine and dithioerythreitol only showed 20% in­
hibition The results obtained by combination of 
Zn 2* and dithioerythreitol were similar addition of 
zinc in equimolar amounts restored the activity to 
60% and preincubation of dithioerythreitol with zinc 
abolished the inhibition Enzyme inhibited by thiogly­
colic and (below) could be reactivated by Zn2* no 
reactivation occurred upon addition of cystine in this 
case (corresponding data not shown) 
Enzyme preparations were completely inactivated 
by treatment with metal chelating substances such as 
EDTA EGTA, CDTA, o-phenanthrobne and thiogly­
colic acid (Fig 6|. Table 4 shows that regeneration of 
the enzyme activity is possible The table gives the 
results obtained with equimolar amounts of metal 
ions Concentrations of metal ions in excess of those 
which reactivated the enzyme caused inhibition This 
was in agreement with the effect of metal ions on the 
native enzyme Zn 2 * Cu2* and Ca2* were able to 
activate the enzyme to about 150%, but these same 
ions caused inhibition in concentrations above 20, 3 
and 300 mM, respectively Preparation of apoprotein 
as described in Methods resulted in an inactive 
apoenzyme Activity was completely reestablished by 
addition of approx I mol of zinc per 24,000 g of 
enzyme (Fig. 7) Excess of Zn 2* caused inhibition as 
was the case in native enzyme None of the other 
metal ions tested was able to reactivate the apoen­
zyme completely with the exception of C u 2 ' and 
Ca2* However the ratio metal enzyme was about 10 
and 50 limes higher in these cases 
The above results suggested the possible presence 
of either Zn2*, Cu" or Ca2* in the enzyme There-
lore the content of these metals in the native enzyme 

















25/ig/ml hatching enzyme was incubated for 5 mm with 25 mM 
EDTA 50 mM hGTA and 10 mM o-phenanthrolme in 10 mM imida­
zole HCl buffer pH 7 5 I hen metalchlondes were added lo an equi­
molar amount Proteolytic activity was assayed as described in 
Methods Numbers are expressed as percentages of the activity 
measured in the absence of added metals and chelators 
A2 
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Fig 7 Recovery of proteolytic activity of apoenzymc upon 
addition of zinc apoenzyme was prepared as described 
under Methods The reactions were carried out at room 
temperature in media containing 25 μ§/ιηΙ apoenzyme and 
varying amounts of zinc chloride in 10 m M imidazole HCl 
bufTer, pH 7 5 Proteolytic activity was determined as de­
scribed under Methods ll is expressed as the ratio of the 
rale observed with zinc added to the apoenzyme (£/„) to 
the control (Kc). multiplied by 100 
was determined. From these analyses it appeared that 
the native enzyme does not contain copper. Zinc and 
calcium amounted to about 1 mol and 2 mol per 
24,000 g of enzyme (corresponding data not shown) 
Species specificity The enzyme was not capable of 
digesting intact chorions of two other teleost fishes, 
the zebrafìsh, Brachydanio reno, and the medaka, О 
¡aupes, indicating a rather high species specificity 
DISCUSSION AND CONCLUSION 
Evidently the hatching medium of the pike embryo 
has a complex composition It contains carbohydrate, 
proteins, peptides and/or ammo acids Possibly these 
are components from the permtellme fluid, chorion 
digestion products (cf Yamagami, 1970, luchi & 
Yamagami, 1976) and a proteolytic enzyme The 
present experiments clearly demonstrate that this 
enzyme can be defined as hatching enzyme 
The enzyme can be isolated from the hatching 
medium by combined gel nitration and affinity 
chromatography For isolation of the enzyme the af-
finity is just high enough A much stronger binding to 
the same adsorbent is found for hatching enzyme of 
the medaka Both hatching enzymes appear to be 
metalloproteases (Yamagami, 1973) Fujiwara & 
Tsuru (1977) purified several proteolytic enzymes, in-
cluding metalloproteases using Z-D-Phe-T-Sepharose 
They conclude that Z-r>-Phe-T-Sepharose is an effec-
tive affinity adsorbent for proteolytic enzymes which 
preferentially catalyze the hydrolytic cleavage of pep-
tide bonds involving ammo or carboxyl groups of 
hydrophobic and bulky amino acid residues (Fujiw-
ara & Tsuru, 1977) 
The conclusion that the present hatching enzyme 
preparation contains a single, monomeric, proteolyti-
cally active protein of molecular weight 24,000 is 
based on the following evidence: ( I ) SDS-electrophor-
esis of the enzyme results in one band indicating that 
only polypeptides of one molecular class are present 
Their molecular mass is found to be 24,000 dalton, (2) 
Disc-electrophoresis of native protein in gels ranging 
from 5 to 15% acrylamide shows one band coinciding 
with proteolytic activity (for a 7 5% gel this is illus-
trated in Fig. 3), with a molecular weight of approxi-
mately 23,700; and (3) The sedimentation coefficient 
of the enzyme correlates well with the above molecu-
lar weights, suggesting a protein of 25,400 dalton 
The molecular mass found for the enzyme in gel 
filtration is lower (10,000-15,000 dalton) than the 
molecular weights obtained by the methods men-
tioned above. Unexpected low molecular weights cal-
culated from gel chromatographic elution profiles. 
however, are no exception among proteases 
Examples are certain extracellular proteases produced 
by bacteria and fungi (Voordouw et al, 1974) and the 
hatching enzyme of the medaka (Urch, U Α., unpub­
lished results) and of the clawed toad, Xenopus laevis 
(Urch, 1976) Voordouw et al. (1974) assert that the 
low molecular weights found with gel chroma­
tography are abnormal since they are sharply con­
trasted by SDS gel electrophoresis and sedimentation 
equilibrium centnfugation In particular the latter 
method is more dependable since it offers a direct 
approach to the experimental problem without the 
need for protein standards and for the assumption 
that the unknown protein will behave similarly to the 
standards 
There has been speculation that the basicity of 
some proteases might be implicated m a possible 
retardation on Sephadex gel matrices (Voordouw et 
al, 1974) However, substitution of Sephadex by 
Ultrogel in the case of the pike and by Bio Gel in the 
case of the clawed toad did not give a much different 
result Moreover, the hatching enzyme of the pike 
(•soelectnc point, pi 6 5), the medaka (pi 6 0 Urch, L' 
A , unpublished results) and the clawed load Ipl 4 5 
Urch, !976) are no basic proteins The retardation 
had no function related character because fully in­
hibited enzymes in all cases resulted in the same 
anomalous behaviour in the exclusion chroma­
tography The nature of the retardation on gel filtra­
tion matrices is as yet not clear 
The broad p H optimum of pike hatching enzyme 
around p H 8 is similar to the results described earlier 
(Yamagami, 1970. 1973, Hagcnmaier, 1974a) N o iso­
electric focusing has been reported for the determi­
nation of pi of other hatching enzymes, bul the iso­
electric point of the pike enzyme, pi 6 5, is not far 
from that found for the medaka. 6 0 (Urch. U A . 
unpublished) 
The present inhibitor studies and metal analyses on 
isolated pike hatching enzyme demonstrate that the 
enzyme is a zinc-metalloprotease (Vallee. 1955, Vallee 
& Wacker, 1970) This conclusion is based on the 
combination of the following four observations (1) 
zinc (together with copper and calcium) is able to 
activate the native enzyme, (2) zinc (and copper) 
4 3 
Properties of pike hatching enzyme 
could reactivate inhibited enzyme (Table 4), (3) zinc is 
the only metal tested that regenerates the activity of 
the apoenzyme upon addition m a reasonable 
amount 1 atom of zinc per enzyme molecule, based 
on a molecular weight of 24,000 for the enzyme (Fig. 
7), (4) the zinc content found in the metal analyses 
correlates perfectly well with the amount of zinc 
needed by the apoenzyme to regain its activity 
Though it seems that calcium does not participate 
directly in the function of the enzyme, it may serve 
structural purposes as is the case of some bacterial 
metalloproteases (Vallee & Wacker, 1970) The tend­
ency of calcium to stabilize the pike enzyme points to 
such an involvement The hatching enzymes of 
medaka (Yamagami, 1973) and rainbow trout (Hagen-
maier, I974a,b) are also sensitive to metal-complexing 
and metal chelating agents Although at this moment 
no conclusive data on their metalloprotem character 
are available, these enzymes are probably also metal­
loproteases. 
Although thioglycohc acid acts also as a reducing 
agent for protein disulfide bonds (Friedman, 1973), 
the zinc reactivation and the failure of cystine reacti­
vation both indicate that the inhibition of pike hatch­
ing enzyme is primarily due to metal removal How­
ever, the results obtained with dithioerythreitol point 
to a combination of two effects On the one side, dith­
ioerythreitol is able to bind divalent metal ions The 
reactivation with zinc suggests that such a reaction 
might be involved The reported metal-catalyzed 
autoxidation of thiols in imidazole (Baccanan, 1978) 
does not appear to participate in the zinc reactivation, 
because the same results were found in Tris buffer 
(results nol shown) On the other hand, the regener­
ation of activity by cystine suggests an impact on 
enzyme structure by disulfide bond reduction This 
fits the presence in the enzyme molecule of two disul­
fide bridges 
SUMMARY 
A proteolytic enzyme has been isolated from the 
hatching medium of pike embryos (£ luaus) The 
enzyme showed a strong chonolytic activity and was 
detectable in the penvitellme fluid from prehalching 
embryos only at the developmental lime of the escape 
from the chorion Consequently, the enzyme can be 
defined as hatching enzyme A purification of roughly 
1600-fold was accomplished by centnfugation, 
Sephadex G-75 gel nitration and affinity chroma­
tography on a carbobenzoxy-D-phenylalanyl-trielhyl-
enetetramine-Sepharose column 
The purified hatching enzyme migrated as a single 
protein band upon Polyacrylamide gel electrophoresis 
with or without sodium dodecyl sulfate Both electro-
phoretic techniques revealed a molecular mass of 
approx 24,000 dalton, in agreement with a sedimenta­
tion coefficient of 2 4 On the other hand, an anom­
alous low molecular weight (10,000-15,000) was found 
by gel chromatography 
The enzyme had an isoelectric point of about 6 5 
and appeared to be a glycoprotein containing 2% of 
carbohydrate With dimethylated casein as substrate, 
the enzyme showed a broad pH optimum between 7 0 
and 9 0 The presence of two disulfide bonds and the 
absence of cysteine in the enzyme molecule became 
apparent from amino acid analysis results 
The effects of activators (Zn2 + . Cu2* Ca 2*) and 
inhibitors (EDTA, EGTA. CDTA, thioglycohc acid, 
o-phenanthrobne) were characteristic for a melallo-
protease Reactivation of inhibited enzyme and 
apoenzyme by zinc and the results of the metal analy­
sis of the enzyme both suggest that pike hatching 
enzyme is a zinc-metalloprotease 
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HATCHING IN THE PIKE ESOX LUCIUS L.: 
EVIDENCE FOR A SINGLE HATCHING ENZYME 
AND ITS IMMUNOCYTOCHEMICAL LOCALIZATION 
IN SPECIALIZED HATCHING GLAND CELLS 
ANDHÉ F M ScHOOTS, RON J G OPSTF.LTEN, AND J MANUEL DENUCF. 
Departmtmt of Zonlntiy, Katholieke t/nn'prMfeif, Tocmotnveld, ί>525 ED Nijmeqen. TVie NetherlaittL· 
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Antibodies against purified hatchinf; enzyme (HE) from the pike, Esox Іисіиь L , have been used tu examine different 
aspects of the presence of the enzyme in the ontogeny of this teleostean fish Immunochemical analysis indicates that 
the two proteolytic enzymes which occur in the hatching medium arise from a single protease, HE itself The second 
proteolytic fraction found in Kel filtration of hatching medium could be a heterogeneous population of complexes of 
HE with digestion fragments of its natural substrate, the zona radiata Immunofìuorescence microscopy by means of 
antl-HE antibodies demonstrates that HE is localized in the so-called hatching gland cells (НССч) The HGCs in pike 
appear as ova] to round cells 10-15 μιη in diameter containing granules of 1 5 2 3 μπι They are found interspersed 
between the periderm and the presumptive epidermis The number of HGCs and their granule content imreaip 
significantly until the 35-somite stage to reach about 1200 and 30, respectively From then on these numbers do nul 
change until hatching in the 66-somite stage The distribution of the HGCs over the embryo also changes, probahly 
since HGC precursors in the yolk sac differentiate to HGCs later than their counterparts in the head region The 
immunocytochemical procedure further shows that HE can be detected from the 10-somite stage on Discrete hatching 
gland remnant bodies, phagocytized by epidermal cells, are observed in larval stages until 3 7 days after emergente 
of the embryo 
INTRODUCTION 
Eggs and embryos of invertebrates and vertebrates 
are surrounded by protective envelopes from which the 
embryos emerge at the moment of hatching In fishes 
this process is the result of partial enzymatic lysis and 
muscular movement, ending in the rupture of the zona 
radiata or chorion. In the pike, Esox lucius L., we were 
able to define (one of) the enzyme(s) found in the hatch­
ing medium as hatching enzyme (HE)1 on the basis of 
its ability to digest the zona radiata and the timing of 
its appearance and secretion in ontogeny. However, 
Sephadex G-75 gel filtration of hatching medium gives 
two fractions both with proteolytic activity and both 
digesting the zona radiata. The void-volume fraction 
could be further separated in enzymatically inactive 
protein with a high molecular weight and a lighter pro­
tease, indicating that the heavier fraction contains re­
versible complexes of a protease with other compounds 
(Schools and Dentice, 1981). Λ similar situation is found 
in the medaka, Oryzias latipes (Yamagami, 1972, 1975). 
That both proteolytically active fractions could arise 
from HE is supported by the elution pattern after re-
1
 Abbreviations used HE, hatching enzyme, HGC, hatching gland 
cell, IgG, immunoglobulin G, FITC, fluorescein isothiocyanate-con-
jugated, GAR, goat anti-rabbit immunoglobulins, PBS, phosphate-
buffered saline, SDS, sodium dodecyl sulfate 
chromatography, the responsiveness to some reagents 
(Yamagami, 1975) and the relative mobility in electro­
phoresis (Schools and Denucé, 1981) 
Morphological studies indicate that UK found in the 
medium is probably produced by the so-called hatching 
gland cells (HGCs) located in different areas of the em-
bryo according to species It is typical for these glands 
that granules accumulate in them in prehatchingstageb 
and disappear after hatching (Ouji, 19fiH, Kotlyarcv-
skaya, 1966; Willemse and Denucé, 1973, Hagenmaìer, 
1974b, Yokoya and Ebina, 1976, 1977, Yamamoto, 1975, 
Yamamoto et αι., 1979) By means of a substrate-film 
technique evidence was provided that HGCs in the ze-
brafish, Brachydanw reno, contain a gelatinolvtic sub­
stance (Denucé and Thijssen, 1975) We also found that 
HGCs of the medaka isolated according to Yoshizaki 
et al. (1980), contain a zona radiata-digesting substance 
(unpublished) Despite these findings there is still no 
definite proof that the glandular cells mentioned above 
contain the enzyme investigated biochemically by Ya-
magami (1973), Hagenmaìer (1974a), and Schools and 
Denucé (1981) 
Virtually nothing is known about the process leading 
to the degeneration of the hatching glands, which have 
a function only during a very restricted period of time 
Most authors simply state that the glands disappear 
after hatching (see, for instance, Willemse and Denucé, 
0012-1606/82/010048-08*02 00/0 
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1973; Yamamoto, 1975). Yokoya and Ebina (1976) report 
that HGCs from salmonid fishes detach themselves 
from the epithelium after exhaustion of the secretory 
granules. On the other hand, a pilot study for the pres-
ent investigation demonstrated that HGC remnants in 
the pike were visible for several days in posthatching 
stages. 
The present study was designed to examine the role 
of one or of both proteases in dissolving away the egg 
envelope, the developmental sequence, and the site of 
origin of the enzyme(s) in a teleost embryo. For this 
purpose we prepared specific antibodies against HE 
from pike embryos, which in immunodiffusion and Im-
munoelectrophoresis tests clarified the relationship be-
tween the two proteases in the hatching medium. Im-
munocytochemical evidence was obtained that HE 
originates indeed from the cells which were tentatively 
identified as HGCs. The enzyme could be visualized in 
these cells from 5 days before till 3 to 7 days after 
hatching. A preliminary report of certain aspects of 
this work has been published (Schoots et al., 1981). 
MATERIALS AND METHODS 
Embryos and larvae. Developing embryos and larvae 
of the pike, Esox lucius L., were used throughout this 
study. Eggs, collected by stripping, were fertilized by 
prompt addition of "dry" sperm and allowed to develop 
in running tap water (12-140C). After hatching the 
emerged larvae were transferred to aquaria containing 
wooden bars to which they attach themselves. 
Direct observation and staging of embryos and larvae 
was done on living material in deep depression slides 
according to the normal table of Gihr (1957). This au-
thor distinguishes the following periods in pike devel-
opment: (i) an embryonic phase, divided into stages A 
through K, lasting about 7 days under the conditions 
in our laboratory; (ii) a postembryonic (i.e., posthatch-
ing) attachment phase, divided into stages IIA1 through 
I1A4, lasting about 2 weeks; and (iii) a free-swimming 
larval phase. 
Preparation of the tissue for light microscopy. The 
zona radiata of prehatching embryos was carefully re-
moved with watchmaker's forceps. These embryos as 
well as posthatching larvae were fixed in Bouin-Hol-
lande fluid, containing 10% of a saturated aqueous so-
lution of sublimate. The fixed material was processed 
according to conventional histological procedures. 
Embedding was in paraplast. Serial cross sections of 
the embryos and larvae of 5 μιη were stained with azan, 
hematoxylin-eosin, periodic acid-Schiff, alcian blue, 
and ninhydrin-Schiff. 
Preparation of anti-HE antibodies. HE was isolated 
from the crude hatching medium which not only con­
tains the secreted enzyme but also contaminating pro­
teins, for the major part zona radiata digestion prod­
ucts and perivitelline fluid protein. Near hatching the 
pike embryos were transferred to dishes, containing a 
minimum amount of water, in which they hatched al­
most simultaneously. The fluid, collected by filtering off 
embryos and zona radiata remnants as soon as over 
90% of the embryos had hatched, is referred to as 
hatching medium. The purification procedure including 
centrifugation, Sephadex G-75 column gel filtra­
tion, and carbobenzoxy-D-phenylalanyl-triethylenete-
tramine-Sepharose-4B affinity chromatography is 
described elsewhere (Schoots and Denucé, 1981). 
Chromatographic fractions were analyzed by SDS-
polyacrylamide gel electrophoresis according to Lae-
mmli (1970) using 13.2% gels. Highly purified HE thus 
obtained was used as antigen to immunize rabbits. Fifty 
micrograms per kilogram of body weight in saline and 
emulsified in complete Freund's adjuvant (1/1, v/v) was 
injected intracutaneously in the back at 20 different 
sites. Subsequently antigen in Freund's incomplete ad-
juvant was administered subcutaneously at four sites 
every 2 weeks. Ten days after the fourth injection the 
rabbits were bled by cardiac puncture and the serum 
from each animal was stored at —60oC. The immuno-
globulin G (IgG) fractions were isolated from the an-
tisera by affinity chromatography on Protein A-Se-
FlG. 1. SDS-poIyacrylamide ge! electropherogram of hatching me-
dium (A), G-75-II (B), and HE (C) demonstrating the complexity of 
the medium and the homogeneity of the purified НБ used as antigen 
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pharose CL 4B (Pharmacia Fine Chemicals, Uppsala, 
Sweden) as described by Chenais et al (1977) 
Immunochemicalanalytts. Qualitative immunological 
analysis and specificity tests were performed with the 
double-immunodiffusion technique of Ouchterlony 
(1962) in 1% agar gel (Difco's Noble Agar) and with 
Immunoelectrophoresis according to Virella and How 
ard (1970) using 1 25% agarose (type C, Pharmacia Fine 
Chemicals) 
Immunocytochemjcal jrrocedure Serial sections (7 
μπι) were deparaffinized, washed in Lugol and hypo 
sulfite solution, rinsed in distilled water, and equili­
brated in phosphatebuffcred saline (PBS, pH 7 4) In­
cubation with optimally diluted antiserum (1 2500) was 
overnight at 4°C After washing in PBS, the sections 
were stained by the indirect method with fluorescein 
isothiocyanate-conjugated goat anti-rabbit IgG (GAR-
FITC, Nordic Immunological Labs, Tilburg, The Neth­
erlands), and reconstituted in sterile PBS (100 Mg/ml) 
diluted 1 10 prior to use After incubation at 37'>C for 
45 mm, sections were washed thoroughly in PBS and 
mounted in PBS containing 5% glycerol Stained sec­
tions were examined with a Zeiss fluorescence micro­
scope and photographed on Kodak Tri-X film 
Specificity tests/στ HE staining The specificity of the 
immunocytochemical staining was checked in a series 
of control experiments Some tissue sections were 
treated directly with GAR-FITC without prior exposure 
to the anti HE immune serum In other controls, serum 
from preimmune rabbits and nonimmunized rabbits 
was substituted for the specific antiserum Moreover 
FIG 2 Example οΓ an immunodiffusion of anli HE antiserum 
buffer (2) preimmune serum (3) the non IgG components from 
antiserum (4) the IgG fraction obtained from the antiserum (5) 
H E (central well) The only combinations giving a precipitin line 










Fir 3 Illustration of inquirv into the HL· d i l t r m i n a n t b\ mtdns 
of immunoelectrophoretic a n a l ^ i ^ hollowing electrophoresis al pH 
8 6 of IIF or О 75 II (A) G 7") I (It) and thi. compiile hatching mt 
dium (C) in a 1 25% agarose gel the trough in the gels was filled with 
anti H F IgG After overnight immunodiffusion the plates w i n pro 
cessed according to the conventional procedures for immunodiffusion 
The precipitin arcs in all three rasi s have differì nt shapes See text 
for explanation and discussion 
specific anti-HE serum without the IgG fraction (iso 
lated by Protein-Α affinity chromatography) and rabbit 
IgG FITC were both substituted for the anti HE an­
tibodies in the immunocylochcmical protcdure 
HE and Anti HE Antitxxiw^ 
SDS Polyacrylamide gel electrophoresis (Fig 1) shows 
that the hatching medium has a complex polypeptide 
composition Figure 1 furlhtr demonstrates that the 
HE preparation after G-7'ï gel filtration still contains 
at least three to four proteins apart from HE Onl\ one 
band is visualized with tht purified HE after affinity 
chromatography (Fig 1С) This purified HE was used 
as antigen in the immunization procedure Immunodif 
fusion of antiserum or IgG, obtained after Protein A 
affinity chromatography from the antiserum against 
HE resulted in a single precipitin line (Fig 2) No pre­
cipitation is seen in the following combinations HE and 
buffer, HE and preimmune serum, HE and non IgG 
materia] from the antiserum, antiserum and buffer, and 
IgG and buffer 
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 f
 HGC PVF . 
Fifi. 4. LiKht microKraphs illustratine the position of HGCs in the outer cell layers of the pike embryo. (A) One HGC of stage J, 55-60 
somites, 1 '^ day before hatching. Bar, 20 μηη. (В) Two HGCs of stage J-K, 60-66 somites, 1/2 day before hatching. The right-hand HGC is 
in the rharacteristic position shortly before hatching with the nucleus in the basal part of the cell and the granules in the apical pole close 
to the perivitelline fluid. Bar, 20 /im (C) Top view of the periderm which shows the typical hexagonal pattern of this epithelial layer. The 
HGCs are in contact with four periderm cells. Bar, 10 μιιι (D) A hatching gland remnant body of stage IIA2, a few days after hatching. It 
is located in the epidermis close to the basement membrane. Bar, 10 μτη. BM, basement membrane; EP, epidermis; HGR, hatching gland 
remnant body; PVF, perivitelline fluid. 
Immunochemical Analysis of Hatching Medium 
As reported in a previous paper (Schoots and Denucé, 
1981), Sephadex G-75 gel filtration of hatching medium 
results in two peaks with proteolytic activity. The first 
peak {G-75-I) consists of high-molecular-weight pro-
teins (void-volume fractions) and has low specific ac-
tivity, whereas the second (G-75-II) has much higher 
specific activity. The polypeptide composition of G-75-
II, from which HE is isolated, shows one faint HE band 
and three major bands (Fig. IB). The SDS-polyacryl-
amide gel electrophoresis pattern obtained with G-75-
I was almost identical with the pattern shown in Fig. 
1A by the complete hatching medium. Immunoelectro-
phoresis of hatching medium material and of the two 
gel filtration peaks by means of the specific anti-HE 
antibodies is illustrated in Fig. 3. Precipitation occurs 
in all three cases, a result also obtained in double im-
munodiffusion (not shown). In addition, Fig. 3 illus-
trates the differences in curvature and the location of 
the precipitation arcs, indicating differences in the 
electrophoretic mobility of the antigens. Immunoelec-
trophoresis of G-75-II and pure HE resulted in a small 
precipitin arc (Fig. ЗА), while G-75-I gave a wider arc 
(Fig. 3B). The complete medium produced one long pre­
cipitin line, composed of two fused arcs (Fig. 3C). 
E / F 
FiG. 5. Distribution of HGCs over the pike embryo in stages E and 
F, 25-35 somites, 3-4 days after fertilization, and in stage Η and 
subsequent stages from about 50 somites on the fifth day of devel­
opment to the hatching stage with 66 somites on the seventh day. 
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The Unicellular Hatching Glamh 
The earliest appearance of HGCs on sections occurs 
at stage D-E (10-20 somites, about 2V¿ day after fer-
tilization) with all stains mentioned under Materials 
and Methods. From stage F (30-35 somites) on, they are 
easily recognizable as oval to round cells, 10-15 μπι in 
diameter Definite granules measuring 1 5-2 3μιη could 
be detected The granules stained bright red with azan 
and bright orange with hematoxylin-eosin Periodic 
acid-Schiff and alcian blue resulted in a faint red color 
Ninhydrin-Schiff clearly stained the granules red 
against a diffuse reddish background Figure 4 shows 
the location of HGCs in the outer cell layers of the 
embryo between the periderm and the presumptive epi­
dermis (terminology according to Bouvet, 197G) The 
characteristic position of a HGC is with its long axis 
parallel to the periderm layer in early stages (Fig 4A). 
Closer to the secretion stage its cell axis becomes per­
pendicular with the nucleus near the cell base and the 
granules at the apical pole (Fig. 4B) Most HGCs are 
irregularly scattered singly, only occasionally pairs are 
observed. The periderm which is composed of hexagonal 
cells covers the HGCs and the presumptive epidermis 
as an uninterrupted monolayer (Fig 4C) The HGCs are 
located at the boundary between four adjacent peri­
derm cells. Figure 4D shows the remnants of a HGC 
in a posthatching stage. These remnants, also oval to 
round in shape, but only 4-6 μπι in diameter, are located 
in the epidermis close to the basement membrane The 
distribution of HGCs over the embryo, illustrated in 
Fig. 5, changes during ontogeny. Mature HGCs first 
appear in the head region and from the 50-somite stage 
on also in the anterior half of the yolk sac wall This 
enlargement of the region where HGCs are found is 
accompanied by an increase in the total number of 
HGCs per embryo in the same period. There is a sig­
nificant increase in the number of HGCs per embryo 
from stage F to G which then stabilizes until hatching 
(Fig. 6A) The number of HGC remnants found in stage 
HAI is the same as in stage К (Fig 6A) The number 
of granules per HGC also increases between F and G 
and remains the same in subsequent stages (Fig. 6B) 
In stage K, however, massive secretion occurs and the 
number of granules per cell drops to zero Recognizable 
HGCs of stages D-Ε amount to a few hundred cells 
Each cell has between 6 and 13 granules For practical 
reasons, results from stages earlier than F were not 
quantitatively considered. 
Immunofluorescence Microscopy with Anti-HE 
For the sake of identification serial sections were 
alternately stained with the immunofluorescent reagent 
and with hematoxylin-eosin. From Fig. 7 it is obvious 
that the HGCs stain positively in the immunocyto-
mg gland cells per embryo 
- Θ к ^ 
*/ 





^ ¡ 1 
\ * 
F G Η I К HAI 
FIG 6 (A) Number of hatching кіапгі cells per e m b o o m different 
blades The graph gives the mean and the s tandard deviation of the 
mean of three sets of measurements Asterisk denotes signihcant in­
crease (P < 0 05) Arrow indicates hatching The open circle repre­
sents the number of hatching gland remnant bodies per larva m post-
hatching stage ПА1 (Bl Number of granules per hatching gland cell 
of embryos in different stages The mean ± SD of 10 experiments is 
given Asterisk denotes signifìcant change (Я < 001) and arrow in­
dicates hatching 
chemical method with anti-HE antibodies. In the con­
trol sections no staining was observed after incubation 
with an equivalent concentration of immunoglobulins 
from the prcimmune rabbits and nommmunized rab­
bits, or when sections were treated directly with GAR-
FITC Substitution of the anti-HE antibodies by anti­
serum fractions that did not couple to the Protein-A 
affinity column also resulted in a negative reaction 
Figures 7A and 7B show some HGCs in the outer layers 
of the head region and in the yolk sac wall These mi­
crographs again demonstrate the isolated character of 
the HGCs and their position parallel to the periderm. 
In Fig. 7C, a HGC can be seen which is closer to the 
secretion stage and is more rounded up. The nucleus of 
the HGC does not stain (Fig. 7D). A positive immu­
nofluorescence obtained with the remnants of a HGC 
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which are proteolytically active as well as capable of 
digesting the zona radiata HE is isolated from G-75-
II. The immunoprecipitation of G-75-I material with 
anti-HE IgG and the confluence of precipitin arcs in 
Immunoelectrophoresis of the hatching medium impli­
cate that the antigen determinant of HE is also present 
in G-75-I. Combination of the present results with the 
rechromatography results of Yamagami (1975) suggests 
that G-75-I contains a heterogeneous population of HE-
zona radiata protein complexes HE of the sea urchin, 
Strongyhcentrotus purpuratris, displays a similar phys­
ical heterogeneity (Barrett et al., 1971), which can be 
avoided by a urea treatment of the crude hatching me­
dium to break the attachments between the enzyme and 
the substrate fragments (Edwards et al., 1977). In the 
clawed toad, Xenopus laevis, purified HE gives rise to 
enzymatically active charge isomeric proteins (Urch 
and Hedrick, 1981). These facts indicate that in those 
organisms in which HE is studied in detail, the enzyme, 
although physically heterogeneous, is the only hatching 
protease. 
The Hatching Gland Cells 
Fish HGCs display no uniformity with respect to 
their total number per embryo, their granule content, 
and their distribution over the embryo, but only minor 
variations are found in their shape and size. Concerning 
the latter two characteristics pike HGCs are identical 
to HGCs from other teleosts. In contrast to fish HGCs, 
which are oval to round with a diameter of 10-20 μπι, 
amphibian HGCs are flask-shaped with a height of 25-
45 /im (Yoshizaki, 1974; Yoshizaki and Katagiri, 1975). 
These amphibian HGCs are in direct contact with the 
"embryonic space,"2 whereas HGCs of the pike are in­
terspersed as single cells between the periderm and the 
presumptive epidermis so that the plasma membrane 
of the HGC is exposed to the perivitelline space, in 
which HE is released, only after the adjoining perider­
mal cells are separated. Ultrastructural work on the 
medaka (Yamamoto et al., 1979) and the pike (to be 
published) shows that just before secretion HGCs are 
in contact with the buccal cavity and the perivitelline 
space, respectively, by way of a gap in the peridermal 
layer. The hexagonal pattern of this layer seems inter­
rupted where HGCs are located (Fig. 4C) and according 
to the current theories of stability of epidermal layers 
(Thompson, 1961) this implies that at this position an 
unstable arrangement exists. The observed swelling of 
the HGCs might cause the final pushing apart of the 
covering periderm cells. 
The evidence based on morphological findings on fish 
(see Introduction) and amphibians (Yoshizaki, 1974; 
2
 This term is adopted from Carroll and Hedrick (1974) The struc­
ture is homologous to the perivitelline space of neh embryos 
TABLE 1 




Stageb (days) diffusion1* fluorescence* 
A-C 0-2 5 
D-K 2 5-7 + + 
HAI, ΠΑ2 T-10 - + 
IIA3 10-H - ± 
I1A4 14-21 
" +, Positive reaction on HE, ±, possible positive reaction, - , neg­
ative reaction 
' Stages according to Gihr (1957) 
r
 Ouchterlony double diffusion of centrifugated embryo or larvae 
homogenates in high concentration against anti-HE antibodies 
* Immunocytochemical procedure as described under Materials and 
Methods Examples of positive reactions are shown in Fig 7 
Yoshizaki and Katagiri, 1975) that certain glandular 
cells in the embryo are involved in the production and 
secretion of HE, is clearly demonstrated by the present 
immunocytochemical investigation. Preliminary re­
sults of another immunocytochemical study, started in 
our laboratory, indicates that HE from the rainbow 
trout, Salmo gairdnen, is also found in HGCs (S. Yo-
koya, personal communication). The discrepancy be­
tween the negative reaction of homogenates of larvae 
in the immunodiffusion tests on HE and the positive 
reaction in the immunocytochemical procedure (Table 
1) is likely to be caused by a difference in sensitivity 
between the two methods. There is no doubt that some 
HE is still present in the hatching gland remnants. 
The distribution of HGCs in pike over the surface of 
the embryonic body and the yolk sac is of type 1 in 
Yanai's classification of hatching glands (see Yokoya 
and Ebina, 1976). The expansion of the HGC area, 
shown in Fig. 5, coincides with an increase in the total 
number of HGCs in the embryo (Fig. 6) and since no 
change in the number of HGCs in the head region is 
observed (results not shown) we conclude that the 
HGCs of the yolk sac arise from precursor cells, inde­
pendently from their counterparts which are already 
fully differentiated in the head region. The number of 
HGCs and the number of granules per cell vary widely 
in bony fishes. For instance, in the pike there are six 
times more HGCs than in the zebrafish, but mature 
pike HGCs contain about 30 granules against 40 for the 
zebrafish (Willemse and Denucé, 1973). 
The observations on pike HGCs confirm earlier re-
sults on teleosts (Yamamoto, 1975, Yokoya and Ebina, 
1976; Yamamoto et αι., 1979) and amphibians (Yoshi­
zaki, 1974; Yoshizaki and Katagiri, J975) concerning the 
holocrine nature of the gland cells. This is a marked 
difference between the HGC and the acinar cell of the 
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FlG. 7. Immunofluorescence micrographs of hatching gland cells. (A) HGCs in the outer cell layers in the head region of the embryo and 
(B) in the ectodermal layer over the yolk, demonstrating the isolated character of the HGCs. (C) HGC of an embryo in the hatching stage 
K. Note that this cell is more rounded up. (D) Two HGCs in stage H, showing that the nucleus does not stain with anti-HE antibodies. (E) 
Hatching gland remnant body in the epidermis of a larva in stage IIA2, a few days after hatching, phagocytized by a neighboring epidermal 
cell. 
in a posthatching stage is shown in Fig. 7E. ! t shows 
that the remnants are phagocytized in an epidermal 
cell located closer to the basement membrane than to 
the top layer of the epidermis. 
The results of the immunological tests on the pres­
ence of HE in the ontogeny of the pike are entered in 
Table 1. It appears that HE is not detectable by means 
of the two immunological methods used in early de­
velopmental stages having up to 10 somites, about 2 
days after fertilization. Subsequent stages were all pos­
itive and although the immunodiffusion technique did 
not show precipitation with homogenates of larvae, the 
immunohistochemical procedure clearly displays a pos­
itive effect in stages IIA1 and IIA2 (Fig. 7E). 
DISCUSSION 
Hatching Enzyme 
Gel filtration on Sephadex G-75 of fish hatching me­
dium results in two peaks, G-75-I and G-75-II, both of 
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exocrine pancreas which has become a reference model 
for many secretory systems (see, for instance, Redman 
and Banerjee, 1980) It is possible that the HE left in 
the HGC remnants has some function in the degener-
ation of the transitory cell The degeneration of pike 
HGCs is different from that reported by Yokoya and 
Ebina (1976) for the rainbow trout, in which the HGCs 
detach themselves from the epithelium after releasing 
their granules. This probably coincides with the shed-
ding of the periderm or "cellular envelope" around 
hatching time, described in Salmo trutta farw L by 
Bouvet (1976). The results from the present study, how-
ever, clearly demonstrate that posthatching HGCs stay 
in the epidermis of the larvae where they are phago-
cytized by neighboring cells This is also observed in 
ultrastructural work (to be published) where the HGC 
degeneration shows the morphological characteristics 
of apoptosis (Wyllie et al, 1980) The degeneration of 
the HGCs in the amphibians Xenopus laems (Yoshizaki, 
1974) and Rana ckensinensis (Yoshizaki and Katagiri, 
1975), in which large phagolysosomes play a role, ap-
pears more related to the process in the pike 
We wish to thank Perry Overkamp, Ben Janssen, and Tony Coenen 
for assistance. Drs Robert van Haarlem and François van Негр for 
critical reading of the manuscript, Gerard Trentelman and Poppe de 
Haan for pike eggs, and Els Derksen for typing the manuscript 
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ULTRASTRUCTURAL CHANGES IN HATCHING GLAND CELLS 
OF PIKE EMBRYOS (ESOX LUCIUS L.J 
AND EVIDENCE FOR THEIR 
DEGENERATION BY APOPTOSIS 
André F.M. Schoots, Paulus A.C.M. Evertae and J. Manuel Denucé 
Department of Zoology, Katholieke Universiteit, Nijmegen, The Netherlands 
SUMMARY. Around hatching, when the pike embryo (Esox lucius 
L.) sheds its acellular egg envelope, marked changes take 
place in the cellular covering of the embryo. This cellular 
covering consists of a peridermal layer and a monolayered 
presumptive epidermis. The periderm starts to disintegrate 
shortly before hatching and is sloughed off in the first 
posthatching period. The cellular covering produces hatch-
ing enzyme, the protease that partly dissolves the zona 
radiata interna of the acellular envelope. By means of the 
peroxidase-anti-peroxidase staining method with hatching en-
zyme antibodies the cells producing this enzyme (hatching 
gland cells, HGCs) could be identified ultrastructurally. 
They are interspersed as single cells between the periderm 
and the presumptive epidermis. The secretory cycle of the 
HGC was studied. The release of hatching enzyme takes place 
in an exocytotic secretory process in which multiple secre-
tion into a "secretion vacuole" predominates. Exocytosis 
into surrounding intercellular spaces is also observed. 
These results show that the HGCs are eccrine glands. The 
HGC also has some "holocrine nature", however, in that only 
a single, massive release of its secretory product occurs. 
The cell death of the transitory HGCs in posthatching stages 
is characterized by condensation of the cell, formation of 
surface protuberances and splitting up into globular cell 
fragments. Eventually these fragments are ingested in epi-
dermal cells and digested. These results lead to the con-
clusion that the pike HGCs degenerate by apoptosis, unlike 
true holocrine cells. 
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INTRODUCTION 
During the embryonic phase develop-
ing animals are covered by protective 
structures of different architecture 
and origin. In teleostean fishes the 
embryo is enclosed by an egg envelope 
that is composed of: (I) a multilam-
ellar, proteinaceous zona radiata in-
terna, (2) a relatively thin zona ra-
diata externa, both originating from 
the oocyte during oogenesis, and (3) 
a zona pellucida, often provided with 
surface ornamentation, that covers 
the outer surface and originates from 
the ovarian follicle cells. The em-
bryonic phase in teleosts ends with 
the hatching process, when enzymatic 
proteolysis of the zona radiata in-
terna (Schoots et al. 1982c) weakens 
the egg envelope and the envelope 
remnants are shedded by means of mus-
cular contractions. The enzyme res-
ponsible for the proteolysis of the 
zona radiata interna in the pike 
(Esox lucius L.) is hatching enzyme, 
HE , a zinc-metalloprotease (Schoots 
and Denucé 1981). The purported site 
of synthesis, storage and secretion 
of the enzyme is the hatching gland 
cell (HGC) (Schoots et al. 1982b). 
The release of teleostean HE is prob-
ably under endocrine control of pro-
lactin (Schoots et al. 1982a). 
Previous ultrastructural descrip-
tions of HGCs in the medaka, Oryzias 
Abbreviations used: HE hatching en-
zyme, HGC hatching gland cell, HGR 
hatching gland remnant, PAP peroxi-
dase-anti-peroxidase. 
latipes (Yamamoto 1963; Yamamoto et 
al. 1979), some tropical fishes 
(Willemse and Denucé 1973), and some 
salmonids (Yokoya and Ebina 1976) have 
shown that the HGCs, although located 
in different areas of the embryo ac-
cording to species, have in common the 
ultrastructural features of cells se-
creting polypeptide material. However, 
since the major cell product of the 
HGCs, i.e. HE, performs its function 
only during a very restricted period 
in the ontogeny, the cells display 
some typical characteristics. The HGCs 
accumulate granules in a prehatching 
synthetic period, that is followed by 
a relatively long storage period pen-
ding the HE release stimulus during the 
hatching stage. Shortly before the 
emergence of the embryo all of the se-
cretory material is discharged almost 
simultaneously (Schoots et al. 1982b). 
The published data on the ultrastruc-
tural dynamics of HE secretion in fish 
are contradictory. In the case of the 
medaka, it has been suggested that un-
der natural conditions HE leaks out of 
the cells after dissolution of the 
granules, whereas electrical induction 
leads to fusion of granules and dis-
charge by exocytosis (Yamamoto et al. 
1979). Furthermore, secretory gra-
nules have been reported to fuse with 
each other shortly before the release 
of HE from salmonid HGCs (Yokoya and 
Ebina, 1976). 
No ultrastructural data on the de-
generation of the teleostean HGCs have 
been published. Yamamoto et al. (1979) 
report that posthatching medakas have 
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HGCs devoid of granules. In salmónida 
HGCs are extruded from the epithelium 
(Yokoya and Ebina 1976). By means of 
light microscopy and immunostaining 
of HE we were able to visualize hat-
ching gland remnants (HGRs) in the 
cellular covering of posthatching 
pike larvae (Schools et al. 1982b). 
The light microscopic characteristics 
of the HGRs indicated that an apopto-
tic cell degeneration could lead to 
elimination of the transitory glands. 
However, these light microscopic ob-
servations did not allow definite 
conclusions on the mechanism of cell 
death. 
Therefore the aim of the present 
investigation was to study the fine 
structural changes of the pike HGCs 
during the release of HE and during 
their posthatching degeneration. A 
brief description of the embryonic 
integument of the pike in the rele-
vant stages and an ultrastructural 
localization of HE will precede the 
data on HE secretion and posthatching 
cell death. 
MATERIALS AND METHODS 
Embryos and Larvae 
Fertilized pike eggs were obtained, 
reared and staged as described before 
(Schoots et al. 1982Ъ). Under the con­
ditions in our laboratory the embryo­
nic phase lasted 7 days, while the so-
called attachment phase, preceding the 
final free-swimming phase,lasted about 
2 weeks. 
Anti-HE antiserum was obtained as 
previously described (Schoots et al. 
1982b). 
Electron Microscopic Procedures 
The egg envelope of prehatching em­
bryos was carefully removed by means 
of sharpened watchmaker's forceps. 
Denuded embryos and posthatching lar­
vae were fixed in one of four alter­
native procedures. Method A: Fixation 
during 3 h at 4 С in cacodylate buf­
fer (0.1 M, pH 7.4) containing 2 % 
paraformaldehyde and 2.5 % glutaralde-
hyde was followed by rinsing (I h, 
4 C) in the same buffer, postfixa­
tion for 1 h at room temperature in 
similarly buffered 1 % osmium tetrox-
ide and subsequent rinsing for 1 h in 
the buffer. Method B: This method was 
performed as described by Wendelaar 
Bonga et al. (1980). Method С: In this 
method fixation in 0.1 M cacodylate 
buffer (pH 7.4) containing 3 %glutar-
aldehyde and 0.7 % NaCl for 24 h at 
4 С was followed by overnight rinsing 
(4 C) in the saline buffer. Method С 
was used in the postembedding immuno-
cytochemical procedure for the locali­
zation of HE (Below). Method D: This 
was the pre-embedding cytochemical 
procedure for acid phosphatase des­
cribed by Veenhuis et al. (1980a, 
1980b). Incubation in Na-ß-glycero-
phosphate and CeCl- was at pH 5.2. 
Controls were incubated in the pre-
sence of 10 mM NaF as an inhibitor of 
acid phosphatase activity. Postfixa-
tion followed method B. After dehydra-
tion in a graded ethanol series the 
tissue was embedded in Epon 812 or 
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bpurr's resin. Ultrathin sections 
treated with either method A or method 
В were stained with uranyl acetate 
and lead citrate according to the con­
ventional procedures. Protein diges­
tion in ultrathin sections was per­
formed on Epon sections, obtained af­
ter fixation with method A, that were 
bleached in 10 Ζ И.О. (10 min, room 
temperature) and rinsed in distilled 
water. Incubation in 0.1 mg/ml pronase 
Ρ (Serva, Heidelberg, FRG) was at pH 
7.4 and 40 С for 90 min. After rinsing 
in distilled water these sections were 
stained with uranyl acetate and lead 
citrate as above. The immunocyto-
chemical staining of ultrathin sec­
tions was performed according to 
Sternberger (1974). Incubation with 
the anti-HE antiserum ( 1:2000 diluted) 
was for 48 h at 4 C. Some sections 
stained with the cytochemical method 
for acid phosphatase were poststained 
with uranyl acetate and lead citrate. 
All sections were examined with a 
Philips E-201 microscope. 
RESULTS 
General Organization of the Embryonic 
Skin at Hatching 
The integument of the prehatching 
pike embryo consists of two main lay­
ers between which the HGCs are found 
interspersed as single cells: 1) the 
. 2 
prospective epidermis , a basal layer 
of cells adjacent to the basement 
membrane ( basal lamina) and 2) the 
2 The present terminology is adopted 
from Bouvet ( 1976) 
periderm, that consists of a single 
layer of flattened cells that are di­
rectly exposed to the perivi telline 
space (Fig. 1). Just beneath the base­
ment membrane is the subepithelial 
space (Wellings and Brown, 1969) or 
dermal space (Roberts et al. 1973), 
which is relatively wide except in 
the head region, where the embryonic 
or larval skin comes close to the 
cranial tissues. This dermal space 
contains loose irregularly arranged 
connective tissue showing young col­
lagenous fibers and mesenchymal cells 
and/or fibroblasts. In late prehatch­
ing and posthatching stages melano­
cytes make their appearance in the 
dermal space (Fig. 18). 
The cytoplasm of the peridermal cells 
is characterized by the presence of 
Fig. 1. HGC in characteristic position 
between presumptive epidermal cells 
(PE) and peridermal cells (PC). N nu­
cleus, PVS penvitelline space, SG 
secretory granule, IS intercellular 
space, DS dermal space with collagen 
fibers (arrows), χ 8 480 
Fig. 2. Desmosomes between a perider-
mal cell (top) and a HGC. χ 54 900 
Fig. 3. Intertwining relationship 
between HGC and pendermal cells. PVS 
perivitellme space, SG secretory gra­
nule. χ 14 300 
Fig. 4. HGC with covering pendermal 
cells (PC) m the last prehatching 
stage. The periderm layer responds 
positively in the acid phobphatase 
test (acid phosphatase ¿taming post-
stained with uranyl acetate and lead 
citrate). PVS perivitellme space. 
χ 4 840 
Fig. 5. Detail of pendermal cell m 
same stage as Fig. 4 stained for acid 
phosphatase (poststained with uranyl 




fine cytoplasmic filaments (Figs. 2 
and 3). The cytoplasmic membranes of 
neighboring cells show marked inter-
digitation with many desmosomes; this 
also holds true for contacts between 
peridermal cells and HGCs (Figs. 2 
and 3). The surface area of the peri-
dermal cells facing the perivitelline 
space is increased by microvillous 
protrusions of the cytoplasm (Figs. 1 
and 3). Around hatching the perider-
mal layer shows a strong positive 
reaction in the acid phosphatase test 
(Figs. 4 and 5). This layer is slough-
ed off in the first days following 
hatching. Sloughing off of the peri-
derm in the hatching period is also 
observed in the trout Salmo trutta 
farlo L. (Bouvet 1976). During this 
period the single layered prospective 
epidermis gradually becomes multi-
layered, and it contains an increasing 
number of mucocytes at this time. The 
distribution of the HGCs over the pike 
embryo has been described before 
(Schoots et al. 1982b): in an early 
developmental stage they are found 
exclusively in the head region, later 
on they occur also in the anterior 
half of the yolk sac. Immediately 
after HE secretion, posthatching HGCs 
are located between the disintegrat-
ing periderm and the single layered 
epidermis (Fig. 16). In advanced 
stages of degradation hatching gland 
remnants (HGRs) are ingested by basal 
epidermal cells close to the basement 
membrane (Fig. 18). 
Fine Structure of the HGC before HE 
Secretion 
The earliest recognizable HGCs con-
taining only few granules, are found 
about 2% days after fertilization. 
HGCs with about 30 granules per cell 
(Schoots et al. 1982b) are observed 
from about Uk days until HE release 
on the 7th day. Thus a synthetic 
period (2^-4-^ days after fertiliza-
tion) and a storage period (4^-7 
days after fertilization) can be dis-
tinguished, which supports our light 
microscopic results on pike HGCs 
(Schoots et al. 1982b). The nucleus 
of the HGC contains large nucleoli 
and some peripheral heterochromatin 
(Fig. I). The mitochondria are rod-
shaped (e.g. Fig. 15) and are mainly 
found in the perinuclear region of 
the cytoplasm and along the lateral 
cell borders (Fig. 4 ) . Like most 
other cells engaged in the synthesis 
of secretory proteins a large area 
of the cytoplasm is occupied by stacks 
of rough endoplasmic reticulum (RER) 
(e.g. Fig. 15). Contiguous with the 
RER are other portions of the ER 
without attached polysomes: the smooth 
ER (SER), which seems to be limited 
to the transitional elements of the 
RER to the Golgi apparatus (Fig. 6). 
A well developed Golgi apparatus is 
only occasionally seen in the fully 
differentiated HGCs in the storage 
period, whereas it is frequently ob-
served in HGCs of early stages (Fig. 
6) and also in the hatching stages 
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(see below) (Figs. 7 and 8). In the 
storage period the secretory granules 
occupy a large area of the HGC cyto-
plasm (Fig. 1). They have a moderate 
to strong osmiophilic content, that 
is digestible by a proteolytic enzyme 
like pronase (Fig. 9) . This points to 
a polypeptide content of the granu-
les. The positive peroxidase-anti-
peroxidase (PAP) immunostaining with 
anti-HE shows that this polypeptide 
material in the granules contains the 
HE determinant (Fig. 10) . During the 
storage period lysosome-like bodies 
can be observed in the HGCs that seem 
to fuse with the secretory granules 
(Fig. 11) indicating a disposal of 
excess of secretory product by means 
of crinophagy (Farquhar 1969) a spe-
cial type of autophagy (Glaumann et 
al. 1981). 
Release of HB 
As hatching approaches the ovoid 
HGCs generally become more or less 
pear shaped, while their orientation 
changes from largely parallel to the 
periderm to a little more perpendi-
cular to this cell layer. The granu-
les are mostly found in the apical 
part of the cytoplasm. This part of 
the cell protrudes towards the peri-
vitelline space (Fig. 13) . At this 
point a direct contact arises with 
the perivitelline fluid; sometimes 
this also happens along one of the 
lateral borders of the HGC. At the 
same time electron lucent intracel-
lular vesicles appear probably by 
endocytotic membrane retrieval 
(Meldolesi and Ceccarelli 1981; 
Farquhar 198 1). A big secretion va-
cuole is formed (Fig. 12) that con-
tains material positively staining 
with anti-HE. Serial sections show 
that this vacuole opens into the peri-
vitelline space. Occasionally exocy-
tosis-like configurations of HGC gra-
nules are observed at the lateral cell 
border facing an intercellular space. 
Definite evidence for fusion of gra-
nules was not obtained although this 
is suggested by the commonly observed 
apposition between adjacent granules 
in the secretion stage (Fig. 14) . In 
the hatching stage the Golgi complex 
is rather conspicuous (e.g. Fig. 8) . 
Posthatching Cell Death 
One of the first noticeable ultra-
structural changes during the transi-
tion of a HGC to a HGR takes place in 
the nucleus and starts before HE se-
cretion. In the peripheral region of 
the nucleus chromatin aggregates, os-
miophilic fragments appear and the 
nuclear outline becomes highly inden-
ted (Fig. 15) . A second conspicuous 
structural change is shrinkage of the 
HGC immediately after discharge of 
the secretory product, as a result of 
which it is almost entirely surround-
ed by large lacunae. In subsequent 
degeneration stages the condensation 
of the cytoplasm continues and blob-
bing or budding of the dying cell is 
seen (Fig. 16) . Many myelin bodies 
are present and non-degenerating sur-
rounding cells seem to fill up the 
lacunae. With the PAP method these 
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Fig. 6. HGC in early prehatching stage 
showing Golgi complex (G), condensing 
vacuole (arrow) and transitional ele­
ments (T). N nucleus, χ 19 000 
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Fig. 7. Transition of condensing va­
cuole into secretory granule still 
connected with Golgi complex (arrow). 
χ 16 700 
Fig. 8. HGC in hatching stage showing 
Golgi complex (G) and secretory gra­
nules (SG). χ 28600 
Fig. 9. Pronase digestion of ultra-
thin section of HGC showing electron 
lucent "holes", χ 6 600 
Fig. 10. PAP imraunostaining of HGC by 
means of anti-HE antibodies, χ 39 200 
Fig. 11. HGC in storage stage showing 
secretory granules (SG) , lysosome-
like bodies (L) and indications for 
fusion of lysosomes with secretory 
granules (arrows), χ 39 000 
Fig. 12. HGC during secretion with an 
electron translucent, heterogeneously 
filled secretion vacuole in its apical 
cytoplasm and many secretory granules 
apposed to it. PC peridermal cell, PE 
presumptive epidermal cell, DS dermal 
space, PVS perivitelline space, χ 8 700 
Fig. 13. Apical part of a HGC in the 
secretion stage showing protrusions to­
ward the perivetelline space (PVS) and 
many electron translucent vesicles. 
PC periderraal cell, χ 15 000 
Fig. 14. Apposition between secretory 
granules in the secretion stage. Arrow­
heads point at electron dense material 
between the granule membrane. The ar­
row points at possible site of membrane 
fusion, χ 76 800 
Ó: 
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early HGRs show a positive reaction 
in the cytoplasm to the HE determin­
ant (Fig. 17) . We do not consider 
this reaction as reliable evidence 
for the presence of HE in these HGRs, 
since it does not manifest itself as 
a granular deposit. However, this re­
action is useful to follow the rapid 
changes of the HGCs, during the early 
Fig. 15. Indented nucleus (N) of HGC 
in the hatching stage. IS intercel­
lular space,M mitochondrion, PE pre­
sumptive epidermal cell, PC perider­
mal cell, χ 13 400 
Fig. 16. HGC shortly after discharge 
of HE showing secretory vacuole rem­
nants (arrowheads) in the apical cy­
toplasm and myelin bodies in the 
basal cytoplasm. Arrow points at mul­
tivesicular body-like part of HGC. 
PVS/M surrounding of embryo, PC peri-
dermal cell, PE presumptive epidermal 
cell, DS dermal space, χ 7 650 
Fig. I?. HGC shortly after discharge 
of HE showing considerable blebbing 
and shrinkage of HGC cytoplasm. Anti-
HE PAP staining. PVS/M surrounding 
medium of embryo, χ 11 500 
Fig. 18. HGRs (arrows) in presumptive 
epidermis (PE). PC peridermal cell, 
M surrounding medium of larva, DS 
dermal space with collagen fibers 
and melanocyte, χ 3 330 
Fig. 19. Three HGRs in the epidermis 
(EP) close to the basement membrane 
(arrow). Acid phosphatase staining 
counterstained with uranyl acetate 
and lead citrate. CO collagen in der­
mal space, M surrounding medium of 
larva, χ 12 000 
Fig. 20. Acid phosphatase negative 
HGR during the first posthatching day. 
Acid phosphatase staining counter-
stained with uranyl acetate, χ 9 600 
Fig. 21. HGR ingested in epidermis 
showing presence of acid phosphatase. 
Acid phosphatase staining counter-
stained with uranyl acetate. M sur­
rounding medium of larva, χ 9 000 
posthatching stages, because HGRs ap­
pear as electron-dense bodies amidst 
electron lucent surrounding tissue. 
That HGRs contain HE was concluded 
from our previous light microscopic 
study (Schoots et al. 1982b). The HGRs 
hardly show a positive cytochemical 
reaction for acid phosphatase (Fig. 20). 
In more advanced stages spherical 
HGRs are found ingested in epidermal 
cells near the basement membrane 
(Fig. 18). Usually one to three of 
these globular HGC remnant bodies 
seem to arise from one dying HGC 
(Fig. 19). In the relatively small 
HGRs of the second and third day after 
hatching, that are ingested by epi­
dermal cells, acid phosphatase could 
be localized (Fig. 21). In subsequent 
larval stages all vestiges of the 
original hatching glands have dis­
appeared. 
DISCUSSION 
Prehatching HGCs and HE Secretion 
The present investigation confirms 
the results of a preceding light mi­
croscopic study concerning pike HGCs 
(Schoots et al. 1982b): (1) HGCs oc­
cur already 2^ days after fertiliza­
tion; (2) they are fully differenti­
ated (Fig. 22) after bh days; (3) 
striking structural changes take place 
at the time of massive HE release 
during hatching on the 7th day after 
fertilization (Figs . 23 and 24 ). The 
results of the pronase solubiliza­
tion tests make clear that the se­
cretory granules of the HGCs have a 
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Figs. 22-26. Schematic illustration of ultrastructural changes in the HGC of the 
pike embryo around hatching. Fig. 22: HGC in the prehatching storage period; Fig. 
23: HOC in a typical posture in the hatching stage, with indented nucleus; Fig. 24: 
The three modes of release of HE: (1) exocytotic discharge via a secretion vacuole 
(SV), (2) exocytosis in the perivitelline space at protruded cell part (PRO), and 
(3) intercellular exocytosis (ICE) ; Fig. 25: Early posthatching HGC or HGR in conspi-
cuous intercellular space; Fig. 26: HGRs ingested by presumptive epidermal cells. BM 
basement membrane, CO collagen, DS dermal space, IS intercellular space, M surround-
ing medium of larva, PC peridermal cell, PE presumptive epidermal cell, PVS perivit-
elline space. 
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proteinaceous content. The positive 
immunocytochemical reaction by means 
of anti-HE antibodies implicates that 
this protein contains the HE determi-
nant. This confirms the previous in-
ference that the HGC is the site of 
HE synthesis, storage and release. 
The release of HE takes place in a 
rather uncommon way although it is 
essentially a form of exocytosis. 
Discharge of the granule contents oc-
curs most frequently at the cell apex, 
either directly into the perivitel-
line space (Fig. 23) or via a secre-
tory vacuole (Fig. 24), that will 
empty its contents into the perivi-
telline fluid. In connection with the 
latter route, it cannot be ruled out 
that every secretory vacuole is con-
tinuous with the perivitelline space 
as soon as it is generated. The sug-
gestion that it is a vacuole is due 
to the fact that the plane of sec-
tioning usually does not pass through 
the connecting membrane configura-
tion. The existence of the vacuole 
may enhance secretion, since the re-
sulting surface area enlargement may 
facilitate multiple exocytotic re-
lease. The secretory vacuole may ori-
ginate from fused granules during exo-
cytosis. This is suggested by the ob-
served apposition of granules in the 
hatching stage, the electron dense 
material between closely opposing 
granule membranes and the possible 
sites of fusion. The electron dense 
material could represent calcium-de-
pendent connecting complexes, that act 
as a bridge between membranes prior 
to their actual fusion (e.g. Creutz 
et al. 1978, Hansen 1981). In a pre-
viously published preliminary report 
on the HE release from medaka HGC ex-
plants, we have shown that agents 
that increase the free intracellular 
calcium content also induce HE secre-
tion (Schoots et al. 1981). Fusion of 
the granules with the membrane limi-
ting the secretory vacuole is fre-
quently seen. 
Only few reports on the ultrastruc-
tural aspects of HGCs in other téle-
os ts have focused on the morphologi-
cal events taking place in the process 
of HE release. In HGCs of medaka em-
bryos a structure similar to the se-
cretory vacuole of the pike is ob-
served by Yamamoto and coworkers ( 1979) 
during electrically induced secretion. 
These authors suggest that during 
natural secretion a dissolution of 
the granule contents in the cytoplasm 
takes place, that is followed by 
"flowing out" of the cytoplasm mixed 
with the secretory substance, i.e. 
HE. However, in both cases these 
authors state that they have observed 
HGCs after secretion that have re-
tained other cytoplasmic organelles. 
In the zebrafish Brachydanio rerio 
the homogeneous prehatching granules 
in the HGC transform into heteroge-
neous "granules" showing similarities 
with the present secretory vacuole, 
although they are randomly dispersed 
throughout the HGC (Willemse and Denucé 
1973). Yokoya and Ebina (1976) have 
reported fusion of granules with each 
other in salmonid HGCs in the course 
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of natural hatching. The study by 
Yoshizaki and Katagiri (1975) on HGCs 
in embryos of the frog Äana chensi-
nensis gives some indication, that 
fusion of granules and some sort of a 
secretion vacuole are possibly invol-
ved in the release of HE in amphibians. 
Two other modes of discharge of the 
secretory granules were less frequent-
ly encountered in pike HGCs: exocyto-
sis into the intercellular space, and 
lateral protrusion of the HGC toward 
the perivitelline space (Fig. 24). In 
our opinion these two secretory routes 
are not essentially different from the 
aforementioned mode of release. The 
electron translucent vacuoles in the 
HGC protrusion may be part of a se-
cretory vacuole, while the intercel-
lular spaces around the HGC may become 
continuous with each other (due to 
HGC shrinkage, see below), and with 
the perivitelline space as the junc-
tion between the peridermal cells lo-
cated at the apex of a HGC opens in 
the hatching stage. We conclude from 
our results on pike that HE release 
in fish occurs via exocytosis, with a 
predominance of "multiple" exocytosis, 
although other types of exocytotic 
events also occur ("terminal" exocy-
tosis and "intercellular" exocytosis, 
cf. Roubos et al. 1981). 
The exocytotic events result in a 
rapid and complete discharge of nearly 
the entire mass of the secretory ma-
terial present in the HGC. Such a mas-
sive discharge conforms with the func-
tion of this cell. The HGC represents 
a transitory embryonic gland, that ap-
parently produces one major protein 
(HE), destined to perform only once 
during ontogeny. Moreover, as will 
be pointed out below, the release of 
HE is followed by HGC degeneration. 
Even though only a single discharge 
takes place, the mode of HE secre-
tion in fish is clearly different 
from holocrine secretion, since the 
release of the secretory product is 
neither accompanied by a rupture of 
the plasma membrane nor by mixing 
of cytoplasmic components (other than 
the granule contents) with the secre-
tory substance. The previously sug-
gested "holocrine nature" of the HGC 
(Yokoya and Ebina 1976, Schoots et 
al. 1982b) is inappropriate in this 
respect. Indeed, because HE is sto-
red in granules that liberate their 
product by exocytosis, in a strictly 
morphological sense the HGC should 
be referred to as an eccrine gland 
(Kurosumi 1961, Krstic 1976). 
Hatching Gland Cell Death 
Our light microscopic study (Schoots 
et al. 1982b) showed that during the 
first posthatching stage the pike HGCs 
are transformed into ovoid to round 
remnant bodies, HGRs, that have a 
strongly eosinophilic cytoplasm. They 
are mostly surrounded by a clear halo, 
show nuclear changes known as pykno-
sis and karyorrhexis, and appear to 
be ingested by epidermal cells in 
later posthatching stages. These mor-
phological changes point to an apop-
totic degeneration mechanism, one of 
two modes of cell death (the other 
72 
being coagulative necrosis) that can 
be distinguished on the basis of 
structural and biochemical criteria 
and that have been found to occur un-
der distinct but characteristic cir-
cumstances (Weedon et al. 1979, Wyllie 
et al. 1980). Morphology of coagula-
tive necrosis is characterized by 
swelling of the dying cell, rupture 
of membranes and dissolution of the 
organized structure. The most conspi-
cuous structural changes during apop-
tosis are condensation of the cell 
with maintenance of organelle inte-
grity, formation of surface protube-
rance and fragmentation into globu-
lar cell fragments. Eventually the 
resulting apoptotic bodies undergo 
ingestion and digestion in other 
cells, e.g. resident neighboring cells 
in epithelia, takes place. The struc-
tural changes in the process leading 
to the elimination of HGCs, presented 
in this paper and schematically il-
lustrated in the Figs. 25 and 26, 
follow this pattern. 
The absence of acid phosphatase ac-
tivity in early HGRs, before they are 
phagocytized by epidermal cells, and 
the appearance of this enzyme in inges-
ted remnant bodies corroborate the 
structural evidence for an apoptotic 
mechanism. It has been emphasized 
that lysosomes do not play a role in 
the first apoptotic stages of the dy-
ing cell. It is the lysosomal activi-
ty of the engulfing cell, which is 
involved in digestion of the cell 
remnants during apoptosis (Wyllie et 
al. 1980). We conclude from the pat-
tern of structural changes that pike 
HGCs degenerate by apoptosis. The 
conditions accompanying the death of 
HGCs fit an apoptotic mechanism. 
First, the HGCs are isolated cells 
and apoptosis typically affects scat-
tered individual cells rather than 
series of contiguous cells (Wyllie et 
al. 1980). Furthermore, apoptosis, 
unlike coagulative necrosis, does not 
evoke an inflammatory response, and 
as such it is an appropriate accom-
paniment of morphogenetic modelling 
and remodelling of tissues during em-
bryonic development. Thirdly, HGC 
death may be under hormonal control 
(see below) and there is growing evi-
dence that apoptosis, in contrast to 
coagulative necrosis, is a genetically 
programmed phenomenon under control 
of physiological stimuli (Weedon et 
al. 1979, Wyllie et al. 1980, 1981). 
The process of elimination of HGCs 
in other teleost species has received 
scant attention. Yamamoto et al. (1979) 
report that medakas have posthatching 
or persisting HGCs, cells that are 
devoid of secretory granules and have 
an electron-dense and irregularly 
shaped nucleus. This description could 
be indicative for an apoptotic cell 
death of HGCs in this species as well. 
In the rainbow trout. Salmo gairdneri, 
HGCs are detached from the epithelium 
three days after releasing their gra-
nules (Yokoya and Ebina 1976). This 
possibly represents the rarely obser-
ved alternative for phagocytosis by 
adjacent cells or macrophages, i.e. 
"extrusion into the lumen with closing 
73 
of ranks of remaining viable cells" 
(Wyllie et al. 1980). Yoshizaki and 
Katagiri ( 1975) studied the morpholo-
gical changes in HGCs of the grass 
frog Rana chensinensis during post-
hatching development in some detail 
and have interpreted their findings 
in terms of an autophagic remodelling 
of the cells. They compared it with 
the regulation of the secretory pro-
cess (crinophagy) in cells of the an-
terior pituitary gland of the rat 
(Farquhar 1969) and with degenerating 
notochordal cells in amphibian meta-
morphosis . 
The stimulus that initiates the 
apoptotic process in HGCs is unknown. 
The nuclear changes observed in these 
cells shortly before, or, more fre-
quently, during the hatching stage, 
i.e. the abnormally convoluted and 
indented nuclear outline, a vanishing 
of the nucleolus and the appearance 
of numerous osmiophilic fragments as 
well as peripheral aggregates of con-
densed chromatin, suggest that the on-
set of apoptosis in the HGC takes 
place earlier than the induction of 
the release of HE. Phase-contrast 
time-lapse microcinematography has 
shown that the cellular condensation 
and the budding stages of apoptosis 
generally occur in a few minutes only, 
whereas the response time of apoptosis 
to the appropriate stimulus usually 
exceeds several hours (Wyllie et al. 
1980). On the other hand, in HGC ex-
plants HE release by exocytosis, a 
comparably short lasting event, is 
maximal within about one hour after 
induction by prolactin (our unpu-
blished results) . This makes a di-
rect coupling of apoptosis and HE 
secretion in terms of the same phy-
siological stimulus unlikely. How-
ever, it seems reasonable to assume 
that synchronization of the two cel-
lular events is required for the 
proper function of the HGC and there-
fore another factor may be involved. 
In this context some corticosteroid, 
e.g. Cortisol capable of inducing 
apoptosis in mammalian lymphoid cells 
(Wyllie et al. 1981), could play a role. 
Cortisol has indeed been found in 
fish embryos (Temer 1979). An indirect 
effect of Cortisol on HE secretion in 
fish embryos has been established 
(Schoots et al. 1982a). Nevertheless, 
its role in controlling apoptosis of 
the HGCs remains highly speculative. 
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During the hatching process distinct ultrastructural changes take place in the egg envelopes of 
three oviparous teleosts, the pike Esox lucius L., the zebrafish Brachydamo reno, and the annual 
fish Nothobranchius korthausae. Under natural conditions the zona radiala interna (ZRI) of N. 
konhausae, having a relatively thick egg envelope, is entirely digested by hatching enzyme, where-
as in the pike and the zebrafish, having thin envelopes, a decrease in thickness of only 30 and 
15%, respectively, is observed In all three species, the extent to which the ZRI is affected in 
vitro by hatching enzyme or Pronase depends on incubation time, temperature, and eyzyme con-
centration. Total breakdown of the ZRI is possible in all cases, while the zona radiala externa 
remains intact. In vivo this layer is affected, possibly by microbial digestion These results dem-
onstrate that major differences exist between enzymatic breakdown m vivo and in vitro and 
indicate that in species having thin egg envelopes the digestion m vivo of the ZRI is incomplete, 
whereas it is complete in species with thick envelopes. 
The teleostean egg envelope is an acel-
lular, protective coat which surrounds the 
developing embryo. This covering is as-
sembled extracellularly during oogenesis 
and shortly after fertilization it undergoes 
a "hardening reaction" which renders it 
tough and resilient (Gilkey, 1981). The 
structure and thickness of the egg envelope 
reflect adaptation to different- ecological 
conditions (Stehr and Hawkes, 1979) and/ 
or to the viviparous condition (Flegler, 
1977). In general the oviparous fish egg en-
velope is composed of (I) a relatively thick 
and lamellated zona radiata interna (ZRI, 
for terminology and abbreviations see un-
der Materials and Methods), (2) a usually 
more osmiophilic and relatively thin zona 
radiata externa (ZRE), and (3) most exter-
nally a secondary covering, the zona pel-
lucida, in many cases provided with surface 
ornamentation. The ZRI protects the egg 
against mechanical damage but because the 
ZRI is in many cases pierced by pore canals 
it hardly protects against microorganisms. 
Protection against microorganisms is prob-
ably the main function of the ZRE. Clus-
tering of eggs and anchoring on surrounding 
objects is made possible by the surface or-
namentation of the zona pellucida, while it 
may function as a plastron in the eggs of 
annual fishes that are exposed to partial 
desiccation during the dry season when 
they are burried in the dried-out substrate 
of their seasonal aquatic habitat (Wourms 
and Sheldon, 1976). 
At an advanced stage of development the 
hatching process takes place in which the 
embryonic phase is terminated and one of 
the most important thresholds for the onset 
of exogenous feeding is overcome. In this 
process an enzyme (defined as hatching en-
zyme) and muscular movement cooperate 
in the shedding of the egg envelope. In the 
pike, Esox lucius L., hatching enzyme is a 
zinc-metalloprotease (Schoots and Den-
ucé, 1981) that is produced by specialized 
holocrine hatching gland cells (Schools et 
ui., 1982b). Massive secretion of the en-
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zyme shortly before the actual emergence 
of the embryo may be under endocrine con-
trol of prolactin (Schools et al., 1982a) 
Until now only the breakdown in vitro of 
the teleost egg envelope has been studied 
morphologically (Bell et al , 1969, Yama-
moto and Yamagami, 1975) These inves-
tigations suggest that the entire ZR1 is sol-
ubilized during the hatching process Our 
preliminary unpublished observations 
showed, however, that digestion in vivo 
does not necessarily give the same results 
as incubation in vitro, while the mode of 
hydrolysis during natural hatching vanes 
from species to species. These observa-
tions prompted us to reassess the structural 
changes in egg envelopes of different ar-
chitecture both in vivo and m vitro. For this 
purpose the ultrastnjctural breakdown of 
two relatively thin envelopes (of the pike 
and the zebrafish Brachydamo reno) was 
compared with that of a thick envelope (of 
the annual fish Nothobranchius korthau-
sae). An extensive description of the egg 
envelope of the species under investigation 
is beyond the scope of this paper. In the 
absence of literature on the ultrastructure 
of the envelopes of these teleosts, however, 
a brief analysis of the postfertilization-pre-
hatching structure will precede the results 
on the hatching process. 
MATERIALS AND METHODS 
Biological Materials 
Fertilized eggs were obtained and treated as de-
scribed elsewhere (for pike, Schools el al , 1982b, for 
N korthausae, Lesseps et al , 1975, for zebrafish, 
Hisaoka and Battle, 1958) Egg envelopes were care-
fully prepared manually by means of sharpened watch-
maker's forceps and a tungsten needle To study the 
prehatching structure and the m vivo structural 
changes during hatching, envelopes of the appropnate 
stage were fixed directly Eggs of which the envelopes 
were to be used for lysis m vitro were collected during 
early embryonic stages and nnsed three times for 20 
mm in a solution containing (per milliliter) 100 units 
sodium pemcillm-G, 100 ¿ig streptomycin sulfate, and 
100 units nystatin (all from Gist-Brocades, Delft, The 
Netherlands) In vitro lysis (incubation 2-60 mm at the 
rearing temperature of the eggs, or longeras indicated) 
was performed either with homologous hatching me 
dium (crude hatching enzyme), obtained as described 
previously for pike (Schools and Denucc, 1981), or 
with I mg/ml Pronase (Pronase P, 3,4-dimethylated 
casein umt/mg. Serva, Heidelberg, FRG) in 10 rruW 
Imidazole-HCI buffer, pH 8 0 
Electron Microscope Procedures 
Egg envelopes were immediately fixed ai room tern 
perature for I 5 hr in 3% glutaraldehyde in 0 1 M so 
dium cacodylate buffer (pH 8 0), rinsed for 1 5 hr in 
buffer, postfixed for I 5 hr in 1% osmium telroxide in 
buffer, and again rinsed for I 5 hr in buffer 
For transmission electron microscopy (ТЕМ), the 
egg envelopes were dehydrated in ethanol solutions of 
increasing concentrations and embedded in Spurr's 
low viscosity medium (Spurr, 1969) The sections were 
stained with uranyl acetate and lead citrate according 
to the conventional procedure and examined with a 
Philips EM-201 microscope 
For scanning electron microscopy (SEM), fixed egg 
envelopes were dehydrated in a graded series of eth­
anol or acetone prior to five changes m an amyl acetate 
sequence and subsequent critical point drying m CO, 
The specimens were mounted on copper stubs, coaled 
with gold m a Balzers Union sputtering apparatus, and 
examined in a JEOL JSM U-3 microscope 
Terminology and Abbreviations 
The nomenclature used in the literature for the ex 
tracellular enveloping structure of teleost eggs is not 
uniform Many terms, such as chonon, zona radiata, 
cortex radiatus, zona pellucida, external membrane, 
etc , have been used indistmctively As it is estab 
lished now that the site of synthesis of the inner pan 
of the coat around the teleost egg is the oocyte itself 
(Wourms, 1976, Tesonero, 1977a,b, 1978) and that the 
outer ornaments are produced by the follicle cells 
(e g , Wourms and Sheldon, 1976), the surrounding 
structure is partly a primary and partly a secondary 
envelope according to the widely accepted classic 
classification of Ludwig (1874) Unfortunately the 
term "chonon," which is most commonly used for the 
egg envelope, is confusing because this term is meant 
for secondary envelopes only (e g , Abercrombie et 
al, 1980) Terms like "zona radiala" and "cortex ra 
diatus" have the shortcoming that they do not include 
the surface ornaments of many fish eggs In view of 
these problems we simply chose "egg envelope" for 
the complete acellular structure that encloses the de 
veloping tcleosl embryo in the penvitelline fluid This 
is done in analogy with the term vitelline envelope" 
used for the covenng of the teleost oocyte (Dumont 
and Brummett, 1980) According to the recommen 
dations of Hurley and Fisher (1966) the following 
expressions are used for the composing parts of the 
egg envelope zona radiata interna for the lamellar in 
пег part of the envelope, zona radia .1 externa for the 
homogeneous, osmiophihc layer and zona pellucida 
for the outermost secondary covering 
80 
The abbreviations used are. SEM, scanning eieuron 
microscopy. ТЕМ. Iransmission eleclron microscopy. 




The outer surface of the pike egg enve­
lope shows the rope-nettinglike appearance 
of the zona pellucida (Fig. 1) which is ap­
posed directly to the ZRE (Fig. 4). From 
the profiles shown in Figs. 2 and 3 it is ob­
vious that in the ZRI osmiophilic lamellae 
alternate with interlamellar zones of about 
the same thickness. So-called pore canals 
traverse the ZRI, perpendicular to the sur­
face. They do not continue into the ZRE 
(Fig. 3). Irregularities in the parallel pattern 
of the lamellae are frequently observed in 
the pike ZRI (Fig. 5). Some quantitative 
data of the pike egg envelope are entered 
in Table I. 
The much thinner egg envelope of the 
zebrafish (1.5 μνη, excluding the large pa­
pillae) does not show the obvious lamellar 
appearance of the pike envelope, but as in 
the pike, the ZRI is extensively pieiced by 
pore canals (Figs. 6 and 7). The external 
surface of the zebrafish egg envelope is dot­
ted with two types of papillae: small, ho­
mogeneous, densely distributed papillae 
(height of 0.10 to 0.15 μπ\) and large, het­
erogeneous, sparsely distributed papillae of 
unequal height up to 3-4 μνη (Figs. 6 and 
7). 
ТЕМ of the egg envelope of N. korthau-
sae (thickness 18.2 /xm) shows a lamellar 
construction of the ZRI whereby the thick­
ness of individual lamellae gradually de­
creases from the innermost toward the 
more externally located lamellae near the 
osmiophilic ZRE (Figs. 8, 10, and 11). The 
lamellae of the ZRI of this fish display per­
fect parallelism to the envelope surface and 
no such irregularities as seen in pike are 
present. In contrast to the two other 
species, N. korthausae egg envelopes are 
devoid of piercing pore canals. The enve­
lope surface is adorned with sparsely dis­
tributed large outgrowths and with rows of 
densely packed small extensions between 
which the surface is rather smooth (Fig. 9). 
Fie. I The rope-nettinglike outer surface of the pike egg envelope χ 3600. 
FIG 2. View on the inner surface of the egg envelope and the fracture plane showing the pore-canal openings 
in the ZRI surface and the lamellar texture of the envelope, χ 5500. 
FIG 3. Section through the pike egg envelope showing the osmiophilic ZRE (Fig. 4 for detail) and the 
lamellar ZRI pierced by two pore canals, χ 12 200. 
F I G . 4. ТЕМ of the ZRE and the highly osmiophilic zona pellucida which is apposed directly to the ZRE 
The portion of the ZRI in the lower part of the picture is barely visible, χ 41 700. 
F I G . 5 SEM of the pike egg envelope demonstrating that the lamellae in this species do not display a perfect 
parallelism, χ 5200. 
F I G . 6. SEM of the zebrafish egg envelope outer surface. The picture shows on the right numerous small 
papillae. On the left of the preparation the outer layers are removed to show the ZRI with its piercing pore 
canals, χ 3300. 
F I G . 7. ТЕМ of a zebrafish egg envelope with a large papilla in the left upper part of the picture The rest 
of the outer surface is dotted with small papillae. The ZRI is penetrated by relatively wide pore canals χ 9900. 
F I G . 8. ТЕМ of the egg envelope of the annual fish N. korthuusae. The lamellae in the ZRI gradually 
decrease in thickness from the innermost toward the more externally located lamellae near the osmiophilic ZRE 
in the left upper part of the figure. Prolrusions from the inner lamellae are seen in the interlamellar zones 
X4000 
F I G . 9 SEM of the outer surface of the egg envelope of N. korthuusae showing three large outgrowths and 
rows of small extensions, χ 800 
F I G . 10 SEM of the lamellar construction of the N. korlhtmsac egg envelope. In the upper part ol the 
picture the base of a large outgrowth is seen, x 1650 
Fie. II. SEM of the egg envelope of N korihaiisue showing perfect parallelism of the lamellae to the 
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DURING, A N D AFTI-K HATCHING" 
Number of l a m e l l e 
Thickness (μιπ) 
Egg envelope 
Zona radiata externa'' 




14 ± 4 
7 3 ± 1 8 
0 7 ± o : 
6 5 ± 1 7 
0 3 ± 0 1 
0 2 ± 0 1 
Hatching 
8 ± 6 
10 0 ± 3 (У' 
0 5 ± 0 Г' 
9 4 ± 3 ?' 
0 6 ± 0 I* 
0 3 ± 0.1'' 
Posthatchmg 
4 ± 2'· 
52 Í 1 ()"' 
0 5 ± 0 1' 
4 7 ± 0 У" 
0 5 * 0 2 ' ' 
0 4 ± 0 2'' 
" Results f rom at least eight independent measurements were used 
' Significantly different from prehatching (P < 0 0 1 ; Student's / test) 
' Significantly different from hatching (P < 0 0 1 , Student's ; test) 
'' The very thin outer layer (zona pellucida) was included in the zona radiata externa 
' Inner lamella, lamella closest to the perivitellme space; outer lamella, lamella closest to the zona radiala 
externa The inner lamella during hatching is wider than the outer lamella (P < 0 0 1 ; / test) 
Ultrastructural Changes during Natural 
Hatching 
ТЕМ of pike envelopes collected during 
and after natural hatching shows that the 
number of lamellae in the ZRI decrease, 
while the remaining lamellae become wider 
(Table I, Figs. 12 and 13). ТЕМ of post-
hatching envelopes shows microfibrillar 
profiles in the remaining lamellae which are 
arranged in an apparently parabolic pattern 
(Fig. 13). This figure further shows the dis­
integration of the ZRE and moreover the 
presence of microorganisms on the external 
surface. The latter are more clearly visible 
in SEM micrographs (Fig. 15). The highly 
ordered compact structure of the envelope 
observed in SEM of prehatching stages 
(Fig. 2) is transformed into a rickety rem­
nant (Fig. 14). 
The egg envelope of the zebrafish is less 
strikingly altered by the hatching process 
in vivo, the only visible changes being 
many microorganisms on the external sur­
face (not shown), a minoi decrease in en­
velope thickness, and a more obvious la­
mellar texture of the ZRI (Fig. 16). 
in N. korthausae the natural breakdown 
shows changes at the fine structural level 
similar to those in the pike (Fig 18), but in 
this annual fish the entire ZRI is hydrolized 
under conditions in vivo (Figs. 19-21). 
These figures show that following the initial 
attack by hatching enzyme, material of high 
molecular weight is left behind. 
Ultrastructural Changes during Breakdown 
in Vitro 
The outcome of experiments in which 
pike egg envelopes are incubated with 
F I G . 12 Т Е М of a pike egg envelope collected during the natural hatching process The lamellae and 
interlamellar zones in the lower part of the figure, ι e , near the perivitellme space, are wider than those near 
the highly osmiophilic ZRE (cf. Table I), χ 7600. 
F I G 13. Т Е М of a posthatching pike egg envelope showing the twisted fibrous arrangements in the remaining 
lamellae and the disintegration of the ZRE under m vivo conditions χ 10 000 
F I G 14 SEM of the inner surface of a shedded pike egg envelope which has lost its regular pore pattern 
of Fig 2 due to proteolysis by hatching enzyme, χ 5200 
F I G 15 The outer surface of a shedded pike egg envelope completely covered with bacteria and/or fungal 
hyphae χ 3|00 
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FIG. 16. ТЕМ of a posthatching zebrafish egg envelope illustrating that it is less drastically altered by the 
hatching protease than in the other species, χ 38 000. 
FIG. 17. Section through a zebrafish egg envelope collected after in vitro breakdown by hatching enzyme 
which demonstrates that a more drastic disintegration of the ZRI than under natural conditions is possible. 
x 17 500. 
FIGS. 18-21. Sections of N. korthausae egg envelopes collected during the natural hatching process. After 
the dissolution of many lamellae the twisted fibrous arrangement of the last lamellae is seen in Fig. 18. χ 25 000. 
In Figs. 19 and 20 the fixed ZRI material in subsequent stages is amorphous, χ 35 000 and χ 41 000, respectively. 
Eventually the complete ZRI is digested (Fig. 21). χ 42 500. 
crude hatching enzyme or Pronase strongly degradation even after prolonged incuba-
depends on enzyme concentration, incu- tion times (15 hr or longer), provided pre-
bation temperature, and incubation time, cautions are taken to prevent the presence 
This breakdown in vitro results in a variety of microorganisms by rinsing the envelopes 
of structures similar to those observed in (see under Materials and Methods) and by 
vivo, although the ZRE remains intact, dissolving the enzymes in the rinsing solu-
Both hatching enzyme and Pronase solu- tion. 
tions are able to completely dissolve the Breakdown in vitro of the zebrafish en-
ZRI. The ZRE does not show any sign of velope by either hatching enzyme or Pro­
se 
Intact Egg envelope Egg envelope after 
natural hatching 
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CHART I. Schematic drawing illustrating the main differences of egg envelope structure and egg envelope 
breakdown of the three teleost species used in the present study. 
nase results in a more drastic degradation 
than in vivo (Fig. 17). As in pike the ZRI 
eventually dissolves completely, whereas 
the ZRE remains intact. In experiments in 
which the enzymes are dissolved in a buffer 
of higher ionic strength than the imidazole 
buffer mentioned under Materials and 
Methods or when the envelopes are incu­
bated in a 1% NaCl solution (without any 
enzyme), the small papillae lose their ho­
mogeneous appearance and become less 
osmiophilic (corresponding results not 
shown). 
Experimental breakdown in N. korthau­
sae results in ultrastructural changes iden­
tical to those observed during the process 
in vivo. 
DISCUSSION 
Egg Envelope Structure 
The architecture of the egg envelope of 
the three fish species in the present study 
differs considerably, as is illustrated in the 
first vertical column of Chart 1. The N. kor­
thausae egg envelope is about 10 times 
thicker than that of the zebrafish, while that 
of the pike is in between. The annual fish 
embryo hatches after a period that may last 
several months, due to diapauses (Wourms, 
1972), whereas the embryonic phase in the 
pike as well as the zebrafish is much short­
er: about 7 days (Schools et al., 1982b) and 
about 4 days (Hisaoka and Battle, 1958), 
respectively. Comparative studies on the 
ultrastructure of fish egg envelopes (Lon-
ning, 1972; Stehr and Hawkes, 1979; Mi-
kodina, 1980) suggest that the architecture 
of the envelope is a reflection of the envi­
ronmental conditions during embryogene-
sis. From the investigation by Stehr and 
Hawkes (1979) it appears that in pelagic 
eggs, which are usually small in size and 
have a relatively short embryonic phase, 
the egg envelope mostly constitutes less 
than 0.5% of the egg diameter. In demersal 
eggs that are generally somewhat larger and 
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" Digestion is expressed as the decrease of thickness of the zona radiata interna 
'' Taken from Yamamoto and Yamsgami, 1975. 
r
 From our light microscopic observations 
'' Taken from Suga, 1963. 
have a more prolonged development within 
the envelope, its thickness represents 0.6-
5% of the egg diameter. The percentages 
calculated for the present three species and 
the medaka Oryziax latipes (Table II) lead 
us to the following conclusion: although 
pike and zebrafish eggs are not pelagic in 
the ecological sense, they have "pelagic" 
envelopes from a structural point of view 
and, even though annual fish and medaka 
eggs are not deposited on the bottom of a 
sea or lake, they possess the type of en­
velope that is characteristic of demersal 
eggs. This means that the envelope thick­
ness-egg ecology correlation is far more 
complicated than the proposed classifica­
tion based on pelagic and demersal habi­
tats. The results discussed in this section 
point to a positive correlation between en­
velope thickness and duration of the em­
bryonic phase. 
Structural Changes during Breakdown in 
Vivo and in Vitro 
The well-known toughness of egg enve­
lopes during the postfertilization-prehatch-
ing period (Suga, 1963; Kotlyarevskaya, 
1966) manifested itself in two ways during 
the present study. First, during lysis in vivo 
and in vitro a fibrillar structure became vis­
ible, which can be interpreted as the reap­
pearance of the constituent fibrils that were 
masked during the prehatching period. In 
the ZRI offish vitelline envelopes, i.e., be­
fore fertilization, these fibrils are clearly 
visible (Wourms, 1976; Kuchnow and 
Scott, 1977; Dumont and Brummett, 1980). 
The fibrils are arranged in a parabolic pat­
tern and this configuration closely resem­
bles the well-defined twisted fibrous ar­
rangements observed in other extracellular 
systems such as the insect chorion and the 
arthropod cuticle (Bouligand, 1972). Sec­
ond, fixed envelopes from the postfertili-
zation-prehatching period appeared to be 
very hard and difficult to section in contrast 
to envelopes prepared during the hatching 
process. A combination of similar phenom­
ena is reported for the insect chorion by 
Smith et al. (1971): " the chorion microfi­
brils become obscured by a thickening pro­
cess . . . and simultaneously the chorion 
becomes too hard to be readily sectioned." 
It is possible that e-(y-glutamyl)lysine 
cross-links, reported to be present after fer­
tilization in the egg envelope of the trout 
Salmo gairdneri (Hagenmaier et al., 1976), 
are formed during the "hardening reac­
tion," and that they are responsible for a 
tight packing of the constituent polypeptide 
88 
chains in the ZRI, thus obscuring the fibrils 
and simultaneously giving the envelope its 
mechanical stability 
Stnictiual Changes m Vivo versus in Vitro 
The present study demonstrates that the 
usefulness of results obtained only by lysis 
m vitro is limited, although the results com-
plete the findings observed on the process 
in vivo Chart 1 illustrates that under ex-
perimental conditions digestion of the en-
tire ZRI is possible in all the species ex-
amined, whereas under natural conditions 
this is not the case in the zebrafish and the 
pike On the other hand the ZRE and the 
zona pellucida are not affected under the 
present conditions in vitro even though the 
enzyme solution is in direct contact with 
both the inner and the outer surface of the 
envelope The outer surface is apparently 
not digestible by hatching enzyme, and this 
might protect against precocious hatching 
caused by hatching enzyme secreted by 
more advanced neighboring embryos The 
ZRE digestion under natural conditions is 
possibly due to hydrolytic enzymes secret-
ed by the microorganisms abundantly pres-
ent on the external surface of the envelopes 
m vivo The differences observed between 
breakdown of the ZRI in vitro and in vivo 
are probably due to such unknown factors 
as hatching enzyme concentration in the 
penvitelline fluid after secretion of the en-
zyme, the duration of the lysis, and the ex-
tent to which other forces, like muscular 
contraction and a possible rise in osmotic 
pressure in the penvitelline fluid, affect the 
envelope during natural hatching 
Structural Changes m Different Egg En-
velopes in Vivo 
The breakdown of the ZRI by hatching 
enzyme in vivo is incomplete in the thin 
envelopes of the pike and the zebrafish, 
whereas it is complete in the thick envelope 
of N korthausae (second vertical row in 
Chart 1) The percentage of ZRI digestion 
for the above species as well as for the me 
daka correlates almost perfectly with the 
relative thickness of the envelope (Table 
II) This may be largely coincidental, how-
ever, as the number of lamellae in pike di-
minishes by 70% against a decrease in 
thickness of about 30% Yet it is tempting 
to make the following generalization the 
ZRI of thick envelopes is entnely dissolved 
during the hatching process, whereas the 
ZRI of thin envelopes is only partially di-
gested If we take the total number of 
hatching enzyme granules as a lough indi-
cation for the quantity of enzyme present, 
the total amount of hatching enzyme in fish 
embryos would increase with their enve-
lope thickness zebrafish embryos, 200 
hatching gland cells each with about 40 
granules (Willemse and Denuce, 1973), pike 
embryos, 1200 cells with 30 granules 
(Schools et al 1982b), medaka embiyos 
900 cells (Yoshizaki et al , 1980) with al 
least 60 granules (our unpublished results) 
A definitive conclusion regarding the sug-
gested thickness-breakdown relationship 
would be possible, however, only after the 
study of the ZRI breakdown in vivo in more 
species, preferably including repiesenta-
tives of the families (like the Salmonidae) 
having thick egg envelopes containing poi e 
canals, and of families having thin enve 
lopes without pore canals, because the 
presence or absence of pore canals might 
also play a role 
Biochemical Aspects of the Envelope 
Breakdown 
It is now well established that hatching 
enzyme in fish is a proteolytic enzyme The 
enzyme acts as an endoprotease with mod-
erate substrate specificity (Yamagami, 
1973, our unpublished results) The ZRI, 
which appears to be its natural substrate, 
is therefore a structure containing peptide 
bonds susceptible for cleavage by this pro 
tease Hislochemical and biochemical in-
vestigations have shown that the ZRI con 
sists of p ro te ins and g lycopro te ins 
(Hagenmaier, 1973, luchi and Yamagami 
1976, our unpublished results) On the basis 
of biochemical analyses of the proteolytic 
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producís of the ZRI of Ihe medaka, Ya-
magami (1981) speculates that six glycopro-
teins, ranging in molecular weight from 
86 000 to 214 000 with a repeating polypep-
tide unit of about 26 000 daltons, are linked 
to foim the lamellae, while the interlamellar 
portion may be an interlinked integrity of 
a 70 000-dalton protein 
The initial proteolysis by hatching en-
zyme results in the aforementioned reap-
pearance of the fibrillar structure It has 
been suggested that a "swelling enzyme" 
would be responsible for the subsequent 
swelling of the ZRI (Ohi and Ogawa, 1970) 
We found, however, that substances that 
cause the breakdown of egg envelopes also 
cause envelope swelling (unpublished re-
sults) and we consider the swollen envelope 
as an intermediate stage m the degradation 
proteolysis by hatching enzyme will pro-
duce unbound proteins, peptides, and ami-
no acids and the resulting temporary rise in 
osmolanty of the envelope will lead to the 
uptake of water 
Our thanks to Professor Sjoerd E Wendelaar Bonga 
for his construclive criticism and to Els A J Derksen 
for typing the manuscript 
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HATCHING IN THE TELEOST ORYZIAS LATIPES: 
LIMITED PROTEOLYSIS CAUSES 
EGG ENVELOPE SWELLING 
André F.M. Schoots, Ruud J. Sackers, Perry S.G. Overkamp and 
J. Manuel Denucé 
Department of Zoology, Katholieke Universiteit, Nijmegen, The Netherlands 
SUMMARY. To test the hypothesis that medaka hatching gland 
cells contain a swelling enzyme, homogenates of expiants were 
fractionated by means of different electrophoretic techniques, 
and the fractions analyzed for proteolytic activity and for their 
capacity to affect the envelope of the eggs. Agar gel elec-
trophoresis resulted in two fractions that were able to digest 
the zona radiata interna, and a third fraction that caused a 
significant swelling of the egg envelope. All three fractions 
were proteolytically active. Agarose gel and Polyacrylamide gel 
electrophoresis gave only two fractions that showed proteoly-
tic activity and were capable of digesting the zona radiata 
interna. The presence of these two fractions may imply that 
hatching enzyme is stored as proenzyme in the hatching gland 
granules. Swelling of egg envelopes was also observed during 
envelope digestion by thermolysin, pronase and 0.5-1.0 N 
NaOH. Moreover, breakdown by hatching enzyme and pepsin under 
suboptimal conditions showed a slight swelling of the enve-
lope. These results demonstrate that substances capable of so-
lubilizing the zona radiata interna may cause envelope swelling. 
The swelling of the envelopes probably represents an interme-
diate phase in the proteolysis of the zona radiata interna. 
The agar gel electrophoresis fraction of hatching gland homo-
genates that causes swelling may contain a physicochemically 
different form of hatching enzyme. We conclude that the medaka 
hatching gland homogenates do not contain a specific swelling 
enzyme. 
Acknowledgements: The authors wish to thank Prof Sjoerd E. Wendelaar Bonga 
and Prof Herman J. Hoenders for constructive criticism during the preparation 
of the manuscript. 
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INTRODUCTION 
Fish embryos are protected by a 
tough and resilient egg envelope, 
consisting of a thick, proteinaceous, 
multilamellar zona radiata interna, 
a thin zona radiata externa, and an 
outermost secondary covering, in many 
cases provided with surface ornamen-
tation. At the time of hatching, 
shedding of the egg envelope takes 
place by partial solubilization of 
the envelope by hatching enzyme in 
cooperation with muscular contrac-
tion. Hatching enzyme is a metallo-
protease (Schoots and Denucé 1981) 
that is produced by specialized hat-
ching gland cells (Schoots et al. 
1982b). Its secretion shortly before 
emergence of the embryo is probably 
under endocrine control of prolactin 
(Schoots et al. 1982a). 
Observations on ultrastructural 
changes in the envelope during the 
natural hatching process showed that 
swelling of the egg envelope prece-
des its actual breakdown (Schoots 
et al. 1982c). Incubation in vitro 
of egg envelopes in hatching enzyme 
solutions gives the same result 
(Yamamoto and Yamagami 1975; Schoots 
et al. 1982c). Moreover, light micros-
copic observations revealed a swell-
ing of egg envelopes upon incubation 
in pronase solutions (Bell et al. 
1969). The nature of this swelling 
process is unclear. There has been 
speculation about the presence of a 
"swelling enzyme" in the hatching 
glands of the medaka Oryzias latipes 
(Ohi and Ogawa 1970). 
In the present study we have inves-
tigated the nature of the swelling 
process in the medaka. Special atten-
tion was given to the possible pre-
sence of a "swelling enzyme" in hatch-
ing gland homogenates. 
MATERIALS AND METHODS 
Biological Materials 
Medaka eggs and hatching gland ex-
plants were obtained as described be-
fore (Schoots et al. 1982a). Egg en-
velopes for tests on experimentally 
induced changes in their structure 
were isolated from embryos of stage 
21-23, according to the normal table 
of Gamo and Terajima (1963). The eggs 
were desinfected for a few seconds in 
70% ethanol and rinsed in distilled 
water. Subsequently, the egg envelopes 
were isolated manually with sharpened 
watchmaker's forceps. Solutions of 
crude hatching enzyme (hatching medium) 
were obtained as described for pike 
embryos (Schoots and Denucé 1981). 
Cocoon digesting enzyme was collected 
as described before (Denucé 1972). 
Electrophoretic Procedures 
Electrophoretic separation of hat-
ching gland homogenates was performed 
in 1% agar (Agar Noble, Difco Labs, 
Detroit, Michigan) or 1% agarose 
(Agarose C, Pharmacia Fine Chemicals, 
Uppsala, Sweden) in 0.1 M sodium bar-
bital buffer, pH 8.6, according to 
the method described by Wieme (1965) 
at 5 mA/cm for 2 h at 60C. After 
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electrophoresis some gels were sli­
ced in 3 mm strips for testing swel­
ling and/or digestive capacity 
(see below). Duplicate gels were 
fixed in ethanol containing 2% ace­
tic acid, dried overnight at 50 С 
and stained with Coomassie Brill­
iant Blue R250. Triplicate gels, 
copolymerized with 0.25% casein, 
were incubated in a sealed humid 
chamber for 1.5 h at room tempera­
ture after electrophoresis of the 
hatching gland homogenates. The 
gels were fixed and stained as des­
cribed above. 
Polyacrylamide gel electrophore­
sis (pH 8.9; 7.5% acrylamide in the 
separating gel) was performed ac­
cording to Davis (1964); cationic 
proteins were separated (pH 6.8; 
9.7% acrylamide) following the me­
thod described by Thomas and Hodes 
(1981). Bromophenol blue was used 
as tracking dye. 
Experimentally Jnduced Changes in 
Egg Envelope Structure 
The effect of gel slices, proteo­
lytic enzymes and various agents 
on egg envelope thickness was deter­
mined by incubating eight to ten 
envelopes in the solutions as indi­
cated. Envelope thickness was meas­
ured at the cross sectional plane 
of a freshly isolated, unfixed 
envelope by means of a Leitz 
light microscope equipped with an 
ocular micrometer. For incubation 
with gel slices a small volume 
( 100 μΐ) was used to prevent di­
lution of possible active components . 
In this set up only a single time 
point observation could be made for 
each fraction, because measurement 
of envelope thickness resulted in 
loss of the incubation solution. In 
contrast to the solutions of enzymes 
and chemical agents, this could 
not be replaced for further incuba­
tion. Preliminary experiments show­
ed that an end point was reached af­
ter exposure for 48 h. Incubation of 
envelopes in enzyme solutions was at 
a concentration of 3 mg/ml at room 
temperature. Alternative incubations 
were in enzyme solutions that were 
adjusted to isoactive solutions in 
the fluorogenic proteinase assay. 
Bromelain, ficin and pepsin were 
obtained from Boehringer Mannheim 
(FRG). Chymotrypsin, hyaluronidase, 
pancreatin, pronase, subtilisin, 
thermolysin and trypsin were obtain­
ed from Serva (Heidelberg, FRG). Ly-
sozyme was obtained from Worthington 
Biochemical Corporation (Freehold, 
New Jersey) and chitinase from Cal-
biochem (Los Angeles, California). 
These enzymes were used at conven­
tional pH. It is important to note 
that for pepsin this is pH 2 (0.01 
N HCl). 
Proteinase Assay 
Proteolytic activity of the gel sli­
ces, the enzymes and the chemical 
agents was determined by means of a 
fluorogenic assay with dimethylated 
casein as substrate (Schoots and 
Denucé 1981). 
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Fig. 1. Electrophoretic fractionation 
in 1% agar (A) or 1% agarose (B) of 
hatching gland cell homogenates . Elec­
trophoresis (5 mA/cm) was for 2 h at 
60C. The graphs show the mean thick­
ness of eight egg envelopes after 48 h 
incubation at room temperature with 3 
mm slices as described in Materials 
and Methods. F-¡ and Fj significantly 
decrease envelope thickness, where-
as F3 significantly increases enve-
lope thickness (Student's t-test). 
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Fig. 2. Micrographs of egg envelopes 
after incubation with different frac­
tions of agar electrophoretic separa­
tion of hatching gland homogenates. 
A: Control egg envelopes; B: Egg 
envelopes after incubation with frac­
tion F3; C: Egg envelope remnants 
after complete dissolution of the 
zona radiata interna by fraction F ·] 
showing that only a thin sheet with 
the surface outgrowths is left. 
Magnification in all cases: χ 35. 
RESULTS 
Electrophoretic Separation of Hatching 
Gland Homogenates 
Agar gel electrophoresis of hatching 
gland homogenates resulted in two 
fractions, F| and F2, that signifi­
cantly decreased the thickness of the 
medaka egg envelope upon incubation 
in vitro. A marked swelling of the en­
velope was obtained with a third frac­
tion, F3 (Fig. 1A). The micrographs 
of figure 2 show examples of unaffec­
ted, swollen and digested envelopes, 
respectively. With the same electro­
phoretic technique, but with agarose 
instead of agar, only two envelope 
digesting fractions, F] and F2, were 
obtained (Fig. IB). In both media F, 
and F2 corresponded with lighter zones 
in duplicate gels copolymerized with 
casein. This indicated that both Fj 
and F2 were proteolytically active. 
Whether or not fraction F3 was pro­
teolytically active could not be 
established with the agar/casein 
gel, due to poor resolution with 
this method. Therefore, the incuba­
tion medium, in which envelopes had 
been exposed to electrophoretic sli­
ces, was assayed for proteolytic 
activity in the sensitive fluoroge-
nic assay. This showed that Fi was 
very active, whereas F2 and Fq were 
equally, but less active. 
Electrophoresis of hatching gland 
homogenates on Polyacrylamide gel ac­
cording to Davis (1964) resulted in 
a broad envelope digesting zone. No 
swelling was observed with any of 
the slices made from such gels. In 
the fluorogenic assay two proteoly­
tic activity peaks within the afore­
mentioned zone, with Rm values of 
0.33 І 0.03 (n=5) and 0.44 i 0.03 
(n=5) appeared. The electrophoretic 
procedure of Thomas and Hodes (1981) 
resulted in two proteolytically ac-
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tive peaks with Rm values of 0.47 ± 
0.03 (n=4) and 0,88 ± 0.03 (n=4), 
while an occasional third proteoly-
tically active peak had a Rm value of 
0.61 - 0.74. 
Effect of Hydrolytic Agents on the 
Egg Envelope 
Table 1 summarizes the results of ex­
periments in which a variety of hy-
drolytic enzymes was tested in isola­
ted egg envelopes. The swelling ob­
served during the first hours of the 
incubation with pronase and thermo-
lysin was significant, but not iden­
tical to that obtained with the F, 
fraction of agar electrophoresis. The 
envelopes showed minor portions that 
were decreased in thickness while the 
major part of these envelopes showed 
an increase in thickness from about 
20 μιη to 40 - 60 μπι. Subsequently, 
these envelopes showed an overall de­
crease in thickness (p < 0.001, Stu­
dent's t-test, after 24 h ) . The capa­
city of the proteases used at concen­
trations at which they have the same 
proteolytic activity in the casein 
test (at room temperature), todigest 
the envelope was as follows: hatching 
enzymen pepsin} thermolysin, pronase. 
Under suboptimal conditions, such as 
low enzyme concentration and low tem­
perature (4-6 C), hatching enzyme and 
pepsin showed a nonsignificant swel­
ling, prior to digestion. 
A significant swelling was observed 
when egg envelopes were incubated for 
about 5 hours in 0.5 - 1.0 N NaOH at 
room temperature. These envelopes were 
completely dissolved (including the 
zona radiata externa) after overnight 
incubation. Sodium hydroxide concen­
trations above 1.0 N completely dis­
solved the envelopes within a few 
hours, whereas NaOH in concentrati­
ons below 0.1 N failed to produce a 
visible effect. Hydrochloric acid in 
concentrations above 1.0 N decreased 
the envelope thickness after incuba­
tion of a few hours to overnight, 
whereas HCl in concentrations below 
1.0 N had no effect. Dissociating 
agents like 3MNaCl, 0.5Moxalic 
acid, 1.5% (w/v) sodium dodecylsul-
fate, 0.4% (w/v) dithioerythritol 
and 7 M urea had no visible effect on 
the egg envelope, even after incu­
bation for 24 h at room temperature. 
DISCUSSION 
The presently reported inertness 
of the egg envelope to a variety of 
dissociating agents, as well as the 
resistance to digestion by many hy-
drolytic enzymes, including prote­
ases, and the relatively slow break­
down by proteases, other than hatch­
ing enzyme, that are capable of di­
gesting the zona radiata interna, 
confirms observations from other re­
ports on the envelopes of the medaka 
(Ogawa and Ohi 1968) , Fundulus hete-
roclitus (Kaighn 1964) and salmonids 
(Bell et al. 1969, Hagenmaier 1975). 
Moreover, the present study demon­
strates that the medaka egg envelope 
undergoes swelling during incubation 
with agents that are capable to di-
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Swelling and digestion^ 
No effect 
Swelling and digestion^ 
No effect 
Ten egg envelopes were incubated in enzyme solutions, whose proteolytical 
activities were adjusted to that of hatching medium by means of the ca­
sein test (except for chitinase and hyaluronidase solutions that had an 
enzyme concentration of3mg/ml). At regular intervals envelope thickness 
was measured, as indicated in Materials and Methods. The last observation 
was 24 h after initiation of the incubation. Changes in thickness were 
evaluated by means of the Student's t-test. 
1
"Kropfsaft" is the fluid secreted by the proventricular gland (crop) of 
larvae of the silk moth Bombyx mori at the time of emergence, that softens 
the cocoon to facilitate the escape of the insect (Denucé 1972). 
^Hyaluronidase and pancreatin showed a nonsignificant effect. 
3pepsin showed a slight swelling (0.05 <p <0.10) followed by a significant 
digestion (p < 0.001) . 
For explanation see Results. 
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gest the zona radiata interna. It 
further appears that swelling is more 
pronounced when breakdown of the en-
velope is slow or incomplete. This 
can be inferred from our following 
observations. With NaOH in concentra-
tions higher than 1.0 N only break-
down is observed, whereas concentra-
tions between 0.5 - I.0 N produce 
swelling followed by a decrease in 
thickness. Diluted hatching enzyme 
solutions cause a slight swelling, 
whereas under optimal conditions only 
a decrease in thickness is seen. Com-
plete breakdown of the zona radiata 
interna may require a relatively spe-
cific proteolytic agent, hatching en-
zyme , or severe hydrolyticconditions 
(NaOH and HCl in concentrations higher 
than I.ON). 
Hatching enzyme and the other pro-
teases that affect the envelope have 
substrate specificities that are ana-
logous to some extent. Data on hatch-
ing enzyme substrate specificity 
(Yamagami 1973; our unpublished re-
sults) show that the enzyme is an en-
doprotease with preference for dipep-
tidyl units composed of uncharged, 
preferably even nonpolar, amino acids. 
The absence of a significant swelling 
and the fast digestion observed for 
pepsin, compared to pronase and ther-
molysin, are probably caused by its 
moderate selectivity for cleavage at 
hydrophobic amino acids (Ryle 1970) 
in combination with the low pH of the 
incubation medium (note that solu-
tions with high concentrations of HCl 
are able to dissolve the egg enve-
lopes). Thermolysin's specificity is , 
like that of hatching enzyme, direc-
ted toward nonpolar amino acids. 
Thermolysin, however, has a more re-
stricted preference, i.e. especial-
ly for leucine and somewhat less for 
phenylalanine (Morihara 1974). Both 
thermolysin and hatching enzyme are 
expected to cleave exposed polypep-
tide fragments containing leucine and 
phenylalanine. Thermolysin treatment, 
however, results in a less effective 
breakdown than hatching enzyme, pro-
bably because it does not attack 
other fragments that are cleaved by 
hatching enzyme. Pronase has some 
preference for leucine, phenylalani-
ne and tyrosine (Narahashi 1970), al-
though it is known as a mixture of 
several proteolytic enzymes that is 
not very specific and is able to hy-
drolyze many proteins down to amino 
acids (Narahashi 1970). The apparent-
ly inefficient breakdown of the zona 
radiata interna by pronase may be 
caused by its lack of a clear-cut pre-
ference that may prevent an effective 
attack of exposed peptide bonds in the 
zona radiata interna. The other pro-
teases tested have no impact on the 
proteinaceous zona radiata interna. 
They apparently do not have the ap-
propriate specificity. The spectrum 
of activities of each of these pro-
teases differs from that outlined 
above for the zona affecting enzy-
mes. Chymotrypsin has a specifici-
ty mainly directed toward aromatic 
side chains (Wilcox 1970). Bromelain 
(Murachi 1970), ficin (Liener and 
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Friedenson 1970) and subtilisin 
(Ottesen and Svendsen 1970) exhibit 
broad specificity with a slight pre-
ference for aromatic amino acids. 
Trypsin's substrate specificity 
(Walsh 1970) is very restricted and 
directed toward lysyl and arginyl 
residues that are positively char-
ged at neutral pH. 
For zona radiata interna break-
down we come to the following two 
conclusions. First, to be able to di-
gest the zona radiata interna a pro-
teolytic agent probably requires the 
capacity to hydrolyze dipeptidyl 
units composed of nonpolar amino 
acids. Our results suggest that this 
preference may be even more restric-
ted in that nonaromatic uncharged 
amino acids like leucine may be essen-
tial (as is suggested by the results 
obtained with hatching enzyme, pep-
sine, pronase, thermolysin). Prefe-
rence for aromatic amino acids may 
not be required, as is indicated by 
the results with chymotrypsin, sub-
tilisin, ficin, bromelain. Our se-
cond conclusion concerning envelope 
breakdown is that swelling of the zo-
na radiata interna most likely re-
presents an intermediate stage in 
the envelope digestion. This implies 
a biphasic breakdown of the lamellar 
zona radiata interna. First, inter-
lamellar and interiibrillar compo-
nents that constitute the zona radi-
ata interna (Yamagami 1981, Schoots 
et al. 1982c) undergo proteolysis. 
In this phase hydration of disenga-
ged polar groups may lead to swel-
ling of the zona radiata interna. A 
further explanation for the obser-
ved swelling is a possible rise in 
osmolarity caused by solubilized 
breakdown products that are tempo-
rarily retained by the web of fibrils 
constituting the lamellae that may 
function as a "semipermeable mem-
brane". The second phase in the zona 
radiata interna breakdown would be 
digestion of the fibrils. 
An effective breakdown of the zona 
radiata interna, as observed in the 
homologous enzyme-substrate system, 
does not result in a statistically 
significant swelling, at least notât 
the light microscopic level. In a 
previously published ultrastructural 
study on the breakdown not only in 
vitro but also іл vivo of the egg en­
velopes of the pike {Esox luciusL.), 
the zebrafish (Brachydanio reiio) and 
the annual fish Nothobranchius kort-
hausae, we showed that significantly 
swollen lamellae appear during diges­
tion by hatching enzyme (Schoots et al. 
1982c). However, at the same time that 
some lamellae are swollen, other la­
mellae were digested away. The latter 
process is likely to escape light micros­
copic observation.A similar concomit­
tant occurrence of swelling and break­
down may explain why we found only a 
slight increase in thickness with hatch­
ing enzyme during the present light 
microscopic study in vitro. This in­
dicates that the above suggested 
biphasic breakdown also takes place 
during envelope digestion under natu­
ral conditions. 
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Electrophoretic separation of hatch­
ing gland homogenates reveals the pre­
sence of different envelope affecting 
components in the hatching gland cells. 
By means of gel filtration of medaka 
hatching medium (Yamagami 1975) and 
antibodies against hatching enzyme of 
the pike (Schoots et al. 1982b), it 
has been shown that probably only one 
hatching protease is present in the 
hatching medium of teleosts. Therefore, 
we assume that the intracellular en­
velope affecting components revealed 
by electrophoresis are different mo­
lecular forms of hatching enzyme. It 
is possible that one of these compo­
nents is the proenzyme form of the en­
zyme. Complex formation of the enzyme 
(as a protease readily binding to pro­
teins) during homogenization and sub­
sequent manipulation of the homoge­
nates may also occur. 
The swelling fraction F-j obtained 
after agar electrophoresis appears to 
be typical for agar, as neither aga­
rose nor Polyacrylamide electropho­
resis gave rise to a fraction that 
caused swelling like fraction F,. It 
maybe that the F2 fraction in agarose 
electrophoresis is composed of two 
distinct entities that appear as F2 
and F3 in agar electrophoresis. This 
would imply that agar sometimes pro­
vides a better separating medium. A 
situation as suggested here has been 
described for the separation of human 
serum globulins β. from P2. Separa­
tion is complete in agar but not in 
agarose (Wieme 1965, ρ 236). The other 
result only observed with agar elec­
trophoresis is the finding that all 
envelope affecting components move to­
ward the cathode. This preference is 
probably attributed to the well known 
electroosmosis in agar gel that for­
ces not only positively, but also 
neutral and even moderately negati­
vely charged particles to move to the 
negative pole. In agarose F2 moved 
toward the cathode, whereas F| mi­
grated to the anode. But even in aga­
rose some electroosmotic water flow 
persists (Wieme 1965, ρ 112). This 
implies that the agarose pattern will 
still be displaced toward the cathode 
if compared with the Polyacrylamide 
electropherogram obtained with the 
method of Davis (1964). The two pro­
teolytic peaks we obtained with the 
latter method may thus be identical 
to Fj and F2 in the agar and agarose 
electropherograms. The evidence for 
two proteolytic fractions in hatch­
ing gland homogenates is further cor­
roborated by our results with the 
electrophoretic method according to 
Thomas and Hodes (1981), that also 
showed two major protease peaks. 
In our opinion the present results 
justify the conclusion that the en­
zymatic action of F-j, responsible 
for the swelling of the egg envelope, 
is not brought about by a distinct 
"swelling enzyme" as suggested by Ohi 
and Ogawa (1970), but by hatching en­
zyme activity. It is not clear, how­
ever, whether F3 indeed represents a 
different molecular form of hatch­
ing enzyme or that the observed swel­
ling is the result of some factor 
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attributed by agar electrophoresis. 
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ISOLATION OF HATCHING GLAND CELLS FROM THE TELEOST 
ORYZIAS LATIPES BY CENTRIFUGATION THROUGH PERCOLL 
NORIO YOSHIZAKI RUDOLF J SACKERS ANDRE F M SCHOOTb AND 
J M DENUCE 
Department of Zoology Catholic University Toernooweld 6525 bD Nijmegen 
The Netherlands 
ABSTRACT Hatching gland cells (HGCs) of the teleost Огугіач latipes have 
been isolated The optimum condition is mechanical dissociation of the buccal 
tissues in Ca-free saline containing 15% bovine serum albumin (BSA) The cell 
suspension is fractionated by centnfugation through 30-33 3% Percoli TM con­
taining 5% BSA The isolated HGCs are washed in 5% BSA BSA in the latter two 
solutions can be omitted when a swing-out rotor is used The recovery of total and 
viable HGCs was about 74% and 45%, respectively The purity was 75-85% 
Cellular integrity was shown by pseudopodial movements of the cultured cells 
Hatching gland cells (HGCs) offish embryos 
produce a proteolytic enzyme which is essential 
for the escape from their surrounding envelope 
(Denuce and Thijssen, '75, Yamamoto, '75) Ul­
trastructural observations of in vivo HGCs 
(Yamamoto, '63, Yamamoto et al , '79) and par­
tial characterization of secreted enzyme (Ya-
magami, '72, '73, '75) have already been 
made in Oryzias latipes To study endogenous 
as well as exogenous factors which might influ­
ence the hatching gland, experiments with iso­
lated cells are desirable One attempt along 
this line was made by Ishida ('44) on a small 
scale, without any further purification of the 
cells obtained The present study aimed at de­
veloping a method to isolate and purify HGCs 
from Огугіач Іаііреч embryos Mechanically 
dissociated cells were fractionated m Percoli on 
the basis of their relative densities 
MATERIAL AND METHODS 
Eggs obtained from the teleost Огугіач 
latipes were rinsed in 0 04% formalin and cul­
tured in aerated Rugh's medium! 1 gmNaCl,30 
mg KCl, 30 mg CaCl , and 80 mg MgSO, in one 
liter distilled water) containing 0 05'/r Fungi-
Stop (Tetra Werke, Melle, W Germany) at 
25''C Embryos were staged according to the 
normal table of Gamo and Terajima ('63) Un­
less otherwise specified, embryos at stages 
30-31 (the stages near the maturat ion of 
HGCs) were used 
In a typical experiment, 12 embryos were 
dechorionated manually with watchmaker's 
forceps in Ca-free Yamamoto's saline (7 5 gm 
NaCl, 200 mg KCl, and 20 mg NaHCO, in one 
liter distilled water) The buccal tissues includ­
ing h a t c h i n g gland, gill carti lage, buccal 
epithelium, and adhering mesenchyme were 
explanted with forceps and tungsten needle 
Xanthophores must be removed as thoroughly 
as possible because they cannot be separated 
from the HGCs in the system used 
Expiants were once washed in Ca-free saline 
for 15 mm and the cells dissociated mechani­
cally in 0 5 ml of the same saline containing 
various concentrations of bovine serum albu 
min (BSA, fraction V, Serva, Heidelberg) by 
repeated passage through a blunt syringe nee­
dle (0 7 mm in width) The cell suspension was 
then layered on 0 8 ml Percoli TM (Pharmacia, 
Uppsala) in Ca-free saline with or without BSA 
in a 2-ml siliconized tube and centrifuged at 
about 70 g for 15 mm at 4°C HGCs were col 
lected as a pellet at the bottom, whereas the 
other cells remained near the surface of the 
Percoli The pellet was washed once in 1 ml 
Ca-free saline with or without BSA and cen­
trifuged under the conditions mentioned above 
Cell counting was performed with a hemo-
cytometer and the percentage of recovery was 
determined by assuming that each embryo has 
930 HGCs (average of 10 embryos, SD 80) 
Cells were considered viable when the plasma 
membrane was not wrinkled (Fig 1) 
RLSULTS AND DISCUSSION 
A sheet of HGCs sandwiched by two layers of 
epithelial cells forms the wall of the buccal cav 
ity (Yamamoto, '63, Yamamoto et al , '79) 
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Fig. 1. Phase-contrast micrograph showing isolated hatching gland cells in the pellet after Percoli centrifuga-
tion. The arrow indicates the cells whose plasma membrane is broken. X, fragment of xanthophore. χ 160 
Treatment of these tissues with commercial 
preparations of proteases, such as trypsin, pro-
nase, pancreat in, and dispase, as well as 
mechanical dissociation in Ca-free saline re­
sulted in considerable breakdown of the HGCs. 
It was found that bovine serum albumin (BSA) 
p r o t e c t s HGCs from possible d a m a g e by 
mechanical forces. The first experiments were 
aimed at defining the concentration of BSA in 
which the tissues could be dissociated. Table 1 
shows that the highest recovery of HGCs was 
obtained when the tissues were dissociated in 
15% BSA. It was found in preliminary experi­
ments that centrifugation through 33.3% Per­
coli at 70 g for 15 min is most suitable to sepa­
rate HGCs from other cell types except for xan-
thophores. For the purpose of securing the via­
bility of the cellsduring this centrifugation, the 
33.3% Percoli contained various concentrations 
of BSA. Table 2 shows that Percoli containing 
5% BSA gives the highest recovery of viable 
H G C s . Cells o ther t h a n HGCs and xan-
thophores did not enter into 33.3% Percoli, even 
if they were still present as a large cell mass. 
The effect of BSA on the viability during the 
elimination of Percoli is illustrated in Table 3. 
Concentrations of 214% and 5% BSA were effec­
tive in protecting the HGCs, and the maximum 
TABLE 1. Recovery of HGCs as a function of the 
concentration of BSA in which tissues 
were dissociated 
Concentration 









10 ± 1 
49 ± 3 
6 6 ± 3 
82 ± 1 
70 ± 5 
5 6 ± 3 
Tissues were dissociated in various concentrations of BSA in Ca-free 
saline and the celt suspension was centrifugea at 70 g for 10 minutes 
The values are averages t SD of three experiments. 
TABLE 2. Recovery of HGCs as a function of the 









8 0 ± 3 
78 ± 6 
81 ± 1 
75 ± 9 
recovery of HGCs 
Viable 
37 ± 7 
4 8 ± 2 
55 ± 4 
51 ± 3 
Tissues were dissociated in 159ί BSA in Ca-free saline, layered on 
33.3% Percoli in Ca-free saline containing various concentrations of 
BSA, and centnfuged at 70 g for 15 mm in an angle rotor The values 
are averages t SD of three experiments. 
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TABLE 3 Remuery of HOC·, аь a function of the 
concentration ofBSA at the washing procedure 
Concentration 







42 ± 6 
66 i 10 
74 r 1 




40 ± 6 
45 ± 3 
27 ± 6 
Tissues were disboclated in IS^i BSA in C j Tree saline and fraction 
ated through 33 M Percoli in Ca free saline containing 5^· BSA by 
centnfugation at 70 g for J5 mm in an angle rotor The pellet was 
washed with Ca free saline containing various concentrations of BSA 
and recovered by centnfugation at 70 g for 10 minutes The values are 
averages i SD of three experiments 
recovery of total and viable HGCs was 74% and 
45%, respectively. The purity was about 85%. 
BSA may have a beneficial effect upon the 
cells during centrifugation in an angle rotor by 
lowering the friction between the cells and the 
wall. This was suggested by an experiment 
using a swing-out rotor in which approximately 
the same values of recovery and purity, as men­
tioned above, were obtained both with and 
without BSA. The present procedure could be 
expanded to at least 100 embryos at stages 
29-32 without affecting the quality of the isola­
tion. For the isolation ofHGCs from embryos at 
stages 26-28, 30% Percoli was used, and simi­
lar results were obtained except for a 10% de­
crease in purity. Figure 1 shows a preparation 
of isolated HGCs which was a little contami­
nated by xanthophores. Since the xanthophores 
tend to be broken into several fragments during 
dissociation, the exact value of the purity of 
HGCs might be higher than mentioned above. 
When these HGCs were cultured in modified 
Leibovitz L-15 medium (Flow Laboratories, Ir­
vine) a t room t e m p e r a t u r e , t h e y showed 
pseudopodial movements and stayed alive for 
one week. 
109 
Isolation of presumptive HGCs might also be 
possible using the same method. Cultures of 
these cells may present appropriate conditions 
for the study of the synthesis of hatching en­
zyme and its regulation. The present method 
might, at least, be useful to investigate the 
secretory mechanism of the cells and possible 
changes of the enzyme before and after secre­
tion. 
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ON TELEOSTEAN HATCHING ENZYME SECRETION 
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ABSTRACT Homogenates of whole medakas and of trout prolactin lobes 
contain a factor that stimulates hatching enzyme secretion from medaka hatch-
ing gland expiants. The elution volume in gel filtration indicates that the stimu-
lating factor is a protein with a molecular weight of 19,000-20,000. Both its 
localization in the prolactin lobe and its apparent molecular weight suggest that 
this factor is prolactin. This is confirmed by an electrophoretic analysis of the bio-
synthetic products of the prolactin lobe, which demonstrates that prolactin is the 
major product found in the molecular mass range from 15,000 to 30,000 daltons. 
Since it is known that the pituitary gland of teleostean embryos has functional 
prolactin cells and that prolactin is an activator of integumentary glandular cells, 
we conclude that prolactin might be the primary stimulus in the activation of 
hatching gland cells leading to hatching enzyme secretion. 
Fish embryos produce a proteolytic enzyme 
that is essential for the rupture of the 
surrounding envelope at the developmental 
time of hatching. It was given the name of 
hatching enzyme, based on various criteria 
(Schoots and Denucé, '81). Recently we 
showed that this enzyme is produced in 
specialized gland cells (Schoots et al., '81a) and 
that no secretion of hatching enzyme occurs in 
cells kept in culture 1 week beyond the time of 
hatching (Yoshizaki et al., '80). This indicates 
that some exogenous influence is involved in 
the induction of hatching enzyme secretion. 
At present we do not know which stimulus 
the hatching gland cell receives under natural 
conditions and into what intracellular 
messages it transduces them in order to acti-
vate the appropriate cellular responses neces-
sary for secretion. In whole fish embryos 
precocious hatching enzyme secretion is in-
duced by low oxygen levels (Hagenmaier, '72; 
DiMichele and Taylor, '80), epinephrine and 
low concentrations of MS-222 (DiMichele and 
Taylor, '78), electrical stimulation (Yamamoto 
et al., '79), and deoxycorticosterone as well as 
structurally related steroids (Cloud, '81). How-
ever, no induction of hatching enzyme secre-
tion by epinephrine and MS-222 was found in 
isolated hatching glands and a mechanical re-
lease of the enzyme was suggested (DiMichele 
and Taylor, '78). Low oxygen levels and in-
0022-104X/82/2191-0129Î01 50 © 1982 ALAN R LISS, INC 
hibitors of the respiratory chain in mito-
chondria, as well as the calcium-ionophore 
A23187, caused enzyme discharge from iso-
lated hatching gland cells (Schoots et al., '81b). 
In the latter preliminary study we concluded 
that intracellular calcium serves as a coupling 
factor in the natural stimulus-secretion pro-
cess and that low oxygen levels in the perivi-
telline fluid might be (one of) the releasing 
factor(s). 
In the present paper we report on the search 
for a primary messenger in the activation of 
hatching enzyme secretion. Testing gel filtra-
tion fractions of fish homogenates on 
explanted hatching glands points to a stimula-
tory protein of approximately 20,000 daltons. 
Since pituitary gland hormones seemed likely 
candidates, we examined the effect of both 
crude and partially purified homogenates of 
different parts of the teleostean hypophysis 
on hatching enzyme secretion. 
MATERIALS AND METHODS 
Eggs and hatching gland cells 
Eggs obtained from the orange-red variety 
of the medaka, Oryzias latipes, were rinsed in 
0.04% formalin and reared in aerated Rugh's 
solution (1 g NaCl, 30 mg KCl, 30 mg CaCl2 
and 80 mg MgSO., in 1 liter distilled water) 
containing 0.05% FungiStop (Tetra Werke, 
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Melle, Federal Republic of Germany) at 25° С 
Embryos were staged according to the normal 
table of Gamo and Terajima ('63). Stage 32-33 
(mature hatching gland cells, stage 33 is the 
hatching stage) was used throughout the 
study. The egg envelope (chorion) of an embryo 
was removed manually with sharpened watch­
maker's forceps in calcium-free Yamamoto's 
medium (complete Yamamoto's medium: 7.5 
g NaCl, 200 mg KCl, 265 mg CaCl, · 2 Η,Ο 
and 20 mg NaHCOa in 1 liter distilled water, 
pH 7.2). The hatching gland cells were ex-
planted with forceps and tungsten needles and 
washed twice in the calcium-free medium for 
15 min at 20 0 C . 
Assay for hatching enzyme secretion 
Incubation of hatching gland cells from 25 
embryos was performed at 23° С in 1.0 ml 
complete Yamamoto's medium containing 
homogenates, fractions, etc as indicated. 
Proteolytic activity in the medium was deter­
mined by the sensitive fluorometric method 
using dimethylated casein as a substrate 
(Schoots and Denucé, '81). Secretion was ex-
pressed as percentage of the total hatching en-
zyme activity in the hatching gland cells 
determined after homogenization. 
Whole fish and pituitary gland homogenates 
Whole medakas (posthatching) of about 2 
cm length were homogenized in lOmM imida-
zole/HCl pH 7.5 and centrifuged for 15 min at 
7,000g. The supernatant (200 /J homogenate 
of three fishes) was fractionated on a Sepha-
dex G-75 gel filtration column (50 X 0.7 cm, 
0.5 ml fractions, flow rate 0.14 ml/min). Cata-
lase (Boehringer, Mannheim, Federal Republic 
of Germany; Mr 240,000), ovalbumin (Serva, 
Heidelberg; Mr 45,000), soybean trypsin in-
hibi tor (Boehringer; M r 21,500), whale 
myoglobin (Serva; M r 17,200) and cytochrome 
с (Boehringer; M
r
 12,500) were used to set a 
reference curve for molecular weight estima­
tion of fractions. 
Pituitary glands of the trout, Salmo trutta 
fario L., body weight about 200 g, killed by 
decapitation, were divided into three parts 
according to Van Eys ('81): the prolactin lobe, 
containing prolactin and ACTH cells, the 
proximal pars distalis containing the somato-
trophic, the gonadotrophic and the thyrotro-
phic cells, and the pars intermedia containing 
MSH and PAS-positive cells. Homogeniza­
tion, centrifugation, and Sephadex G-75 gel 
filtration were performed EIS described above. 
For the purpose of identification of the 
hatching gland stimulating factor, dissected 
prolactin lobes of Sarotherodon mossambicus 
and Salmo trutta were utilized. Pulse incuba­
tion of these lobes in slightly modified Dul-
becco's Modified Eagle's Medium containing 
3H-lysine followed by sodium dodecyl sulfate 
(SDS) Polyacrylamide gel electrophoresis and 
autoradiography was performed as described 
elsewhere (Van Eys, '81). 
RESULTS 
Basal secretion of hatching enzyme from the 
hatching gland cell expiants was about 1 % in 2 
h. The effect of homogenates of whole medakas 
on the hatching enzyme secretion was not 
detectable by the present assay method since 
the homogenates appeared to inhibit hatching 
enzyme activity for 60-90%, whereas the 
homogenates themselves had a considerable 
protease activity. Measuring increases in pro­
tein content in the medium by the Lowry 
method (Lowry et al., '51) resulted in marginal 
values. However, upon gel filtration on a 
Sephadex G-75 column, most protease activity 
of the homogenates as well as most of the 
hatching enzyme activity inhibiting protein 
eluted in the void volume fractions. The frac­
tions of a gel filtration of homogenate from 
three medakas containing proteins with an ap­
parent molecular weight of approximately 
20,000 showed an increased hatching enzyme 
secretion by the hatching gland expiants of 
about 7% in 2 h. Since pituitary hormones such 
as growth hormone and prolactin seemed likely 
candidates for such a stimulation, the in­
vestigation was extended to pituitary gland 
homogenates. For practical reasons the much 
bigger teleost Salmo trutta fario was chosen. 
The degree of stimulation of hatching enzyme 
secretion caused by the crude homogenate of 
one prolactin lobe was twice that measured 
with the homogenate from three medakas. The 
homogenate from the proximal pars distalis 
showed only a small increase in hatching en­
zyme secretion, whereas the pars intermedia 
homogenate did not cause any stimulation at 
all. The trout pituitary homogenates, in con­
trast to the medaka homogenates, were neither 
proteolytically active nor hatching enzyme in­
hibiting. Sephadex G-75 gel filtration of the 
homogenate from prolactin lobes resulted in 
the elution pattern shown in Figure 1. The 
small peak of fractions containing proteins 
with an apparent molecular weight of 
19,000-20,000 coincides with a stimulation 
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Fig 1 Chromatography on Sephadex G-75 of trout pro-
lactin lobe homogenate Processing of the pituitary glands 
from two trouts and gel filtration are described in Materials 
and Methods Single fractions were mixed with 2 X concen-
trated Yamamoto's complete medium Hatching gland cells 
30 ¿o 
fraction number 
from 25 medaka embryos were incubated in the resulting 
medium for 2 h at 23°C Hatching enzyme secretion was 
monitored as the increase m proteolytic activity in the 
medium, measured in 25 μΐ samples by means of the enzyme 
assay mentioned in Materials and Methods 
peak reaching a value of about 30% in 2 h. 
Autoradiographs of SDS electrophoresis of 
prolactin lobe homogenates from Sarothero-
don mossambicus and Salmo trutta showed 
that in both cases the most prominent poly­
peptide material in the molecular weight range 
from 15,000 to 30,000 was the double-band 
characteristic for Sarotherodon prolactin 
(Farmer et al., 77). 
In additional experiments we tested the ef­
fect of the steroids deoxycorticosterone ace­
tate, progesterone, and Cortisol. Added to the 
rearing medium of complete embryos the ster­
oids (final concentration between 0.25 ^g/ml 
and 1.00 /ig/ml) caused precocious hatching, 
but hatching gland expiants showed no in­
creased hatching enzyme secretion in the 
presence of the steroids. 
DISCUSSION 
The present study provides clear evidence 
for a stimulatory effect of fish prolactin on 
hatching enzyme secretion from teleostean 
hatching gland cells. This conclusion can be 
deduced from the following observations. 
First, the strongest stimulation is obtained 
with homogenates of the prolactin lobe, where­
as homogenates from other pituitary gland 
regions had little or no effect. Second, gel 
filtration shows that the stimulating activity 
is located in the protein peak having an ap­
parent molecular weight of 19,000-20,000. 
This agrees with the molecular weight of 
19,400 reported for fish prolactin (Farmer et 
al., 77). Third, SDS electrophoresis of the 
pulse labeled trout prolactin lobe tissue 
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demonstrates that the most prominent pro­
duct in the molecular weight range from 
15,000 to 30,000 is prolactin. In support of the 
assumption that prolactin acts as a physiolog­
ical stimulus is the fact that the teleostean em­
bryonic pituitary gland contains prolactin 
cells showing a maximum in the relative 
volume of the nuclei just before hatching 
(Nozaki et al., '74). Moreover, prolactin is 
known as a stimulator of apocrine and holo­
crine integumentary glands in vertebrates 
(Dent, 75). 
Although according to Sandor and Mehdi 
(79) fishes do not seem to contain the cortico­
steroids, which in experiments by Cloud ('81) 
resulted in precocious hatching, we were able 
to confirm Cloud's observation and to extend 
it to Cortisol, one of the major corticosteroids 
in fish embryos (Terner, 79). However, our re­
sults indicate that the steroids do not directly 
stimulate the release of hatching enzyme, 
since no effect on the expiants was found. 
Olivereau (72) showed that Cortisol causes 
synthetic activity as well as several mitotic 
figures within the prolactin cells in the teleost 
Anguilla anguilla. Therefore, it is possible 
that administration of Cortisol and related 
steroids activate the synthesis and release of 
prolactin leading to precocious hatching en­
zyme secretion. 
The previously described induction of hatch­
ing enzyme secretion by calcium-ionophore 
A23187, as well as by inhibitors of the respira­
tory chain and by anaerobiosis may be due to 
an increase in free intracellular calcium 
(Schools et al., '81b). We also suggested that a 
drop in oxygen content in the perivitelline 
fluid might be one of the (additional) stimuli 
for hatching enzyme secretion, but it seems 
now more likely that the aforementioned cal­
cium-increasing agents bypass the first part 
of the stimulus-secretion pathway of the tel­
eostean hatching gland cell, which would be 
the binding of prolactin to receptors on the 
hatching gland surface. The relation between 
prolactin stimulation and intracellular calcium 
is currently under investigation. 
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CHAPTER 9 

DOPAMINERGIC REGULATION OF HATCHING 
IN FISH EMBRYOS 
André F.M. Schoots, Ruud С. МеЦег and J. Manuel Denucé 
Department of Zoology, Katholieke Universiteit, Nijmegen, The Netherlands 
Early animal development takes place inside a fluid-filled chamber 
that is enclosed by a protective egg envelope. Continuing growth 
and depletion of nutrient reserves necessitate the emergence of 
the embryo. Hatching of fish embryos is only possible after lysis 
of the zona radiata interna of the egg envelope by hatching enzyme 
2 
(HE), a metalloprotease that is synthesized in specific hatching 
3 4 gland cells ' . Although a good timing of HE release is essential 
for the survival of the embryo, a clear insight in its regulation 
is still lacking. A mechanical release mechanism based on respi-
ratory movements has been postulated ' ' . Recently we have repor-
ted that prolactin acts as a secretagogue on hatching gland ex-
plants of the medaka (Oryzias latipes) in vitro and extended 
this evidence to HE secretion by zebrafish embryos (Brachydanio 
rerio) in vivo (to be published). With these results in mind, we 
have set out to gain more information about possible neural mecha-
nisms involved in triggering the hatching event. We report here an 
influence of light on the hatching rate of medaka embryos suggesting 
the involvement of the central nervous system. Because there is 
ample evidence supporting the concept that dopamine is a physiolo-
gical prolactin-inhibiting factor of hypothalamic origin in verte-
brates ' ' , we tested the possibility of a dopaminergic control 
of hatching. The results show that substances known to modify the 
activity of dopaminergic systems influence the time of HE secretion 
in medaka and zebrafish embryos. Apart from that, the present re-
sults do not support the mechanical release hypothesis mentioned. 
Our results suggest that a dopaminergic mechanism in the nervous 
system controls HE secretion. 
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Shedding of the egg envelope by an 
embryo is accomplished in various 
ways according to species: (1) mecha-
nical breaking, (2) enzymatic disso-
lution, (3) osmotic blow up, and (4) 
combinations of these first three me-
chanisms. Hatching in fish is the re-
sult of partial lysis of the envelope 
by HE after which the envelope rem-
nants are casted by muscular activity. 
Like parturition, hatching does not 
take place at a specific state of de-
velopment, but its timing is largely 
influenced by environmental factors 
12 (cf. réf. ). The timing of the tele-
ostean hatching process, in casu the 
regulation of HE release, has been the 
object of investigations for many de-
cades ' . Since Ishida postulated 
a mechanical release of HE in medaka 
embryos due to opercular movements, 
this hypothesis has been adopted by 
some other authors * . Ambient con-
ditions, such as temperature, and oxy-
gen content of the water in which the 
eggs are developing ' , apparently 
determine to a large degree the time 
at which fish embryos hatch. In addi-
tion, it was found that corticoste-
roids8'15, the anesthetic MS2227, 
epinephrine and electric current 
are able to induce precocious hatch-
ing of fish embryos. These results 
not only show the environmental con-
ditioning of hatching, but also point 
to an involvement of the nervous and/ 
or endocrine system in regulating the 
8 
timing of hatching. Our published 
and unpublished results provide evi-
dence that prolactin functions as a 
mediator in this respect. Because in 
adult fish prolactin secretion is 
under control of a hypothalamic dopa-
.. '0.11 г. -ν • minergic system , we hypothesize 
that HE secretion in fish embryos 
may be regulated via hypothalamic in­
teraction if there is an intact hy-
pothalamic-pituitary axis. 
To test the above hypothesis we 
exposed medaka eggs to drugs that 
are known to alter the activity of 
dopaminergic systems. Figure 1 shows 
that hatching of medaka embryos oc­
curs before due time in the presence 
of the selective and potent dopamine 
antagonist pimozide . Advanced hat­
ching is also found upon incubation 
-4 
of medaka embryos in 3 χ 10 M salso-
lino 1 (ρ с 0.01, log-rank evaluation 
18 test ). This alkaloid has been shown 
to stimulate prolactin secretion in 
the rat by a direct blockade of hypo-
19 thalamic dopaminergic pathways . к-
Methyl-para-tyrosine, that acts as an 
inhibitor of tyrosine hydroxylase and 
as such, among other things, inhibits 
20 the synthesis of dopamine , also 
caused premature hatching of medaka 
_3 
embryos (cone. 10 Μ; ρ ι 0.05, log­
rank test): the dopamine agonistbro-
mocriptine (cone. 10 M) completely 
abolished this effect. On the other 
hand bromocriptine itself (Fig. 2) 
as well as the very potent and selec-
. 22 tive dopamine agonist apomorphine 
—8 (cone. 10 Μ; ρ с 0.005, log-rank 
test) delay hatching of medaka em­
bryos. No significant retarding ef­
fects were found with dopamine. This 
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Figs. 1 and 2. Effect of the dopamine antagonist pimozide and the dopamine agonist 
bromocriptine on the hatching rate of medaka embryos. Fifty medaka eggs were in-
cubated in 50 ml Hugh's solution (1 g NaCl, 30 mg KCl, 30 mg СаСІ2 and 80 mg MgSOz, 
in 1 liter distilled water, pH 7.2) containing either pimozide (5.10~eM, Janssen 
Pharmaceuticals, Beerse, Belgium) or bromocriptine (10~6м, Sandoz, Basle, Switzer­
land) . The drugs were dissolved in ethanol and diluted with Hugh's solution to the 
concentration mentioned. The final ethanol concentration was 0.01%. Control incu­
bations were in Hugh's solution containing 0.01% ethanol. Incubation took place in 
petri dishes in a room that was temperature (270C) and light (12 h light/ 12 h dark) 
controlled. Hatched embryos were counted and removed from the dishes at the onset 
and the end of a light period. The histograms show the hatching results processed 
according to the method for analyzing survival data . the number of embryos hatch­
ed during a given period divided by the total number of embryos "at risk" in that 
period (thus correcting for withdrawal of occasional dead embryos) per hour (= 
Phatching/h' versus age of the embryos in days after fertilization. Statistical 
evaluation of the results of the experiments depicted and of a set of duplicate 
experiments by means of the log-rank test1^, demonstrated a significant difference 
between the controls and the drug treated embryos (in all cases Ρ { 0.005). 
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phenomenon in systemic administration 
23 . 
іл vivo . In this context, it is al­
so important to note that medaka em­
bryos exposed to epinephrine and nor­
epinephrine show precocious hatching 
(unpublished data). As dopamine is 
known to interfere with the latter 
two catecholamine receptors, the ef­
fects of dopamine receptor stimulation 
may have been masked. The results 
illustrated in the figures 1 and 2 
also gave some indication of an in­
fluence of the day-night cycle on hat­
ching. A separate experiment in which 
6 groups of 30 medaka eggs of different 
age were subjected to a similar expe­
rimental procedure, indeed showed a 
significant higher hatching rate in 
the light period compared to the dark 
period (p t 0.02, sign test), which 
demonstrates a regulatory function of 
the central nervous system in hatch­
ing. In our opinion, these results 
suggest that dopamine receptors in the 
nervous system exert an inhibiting 
influence on hatching. Because diges­
tion of the inner layer of the egg 
envelope by HE is required as prior 
condition to the emergence of the 
embryo , the results also strongly 
suggest a dopaminergic inhibition of 
HE release. 
To verify this conclusion we tested 
some agents, known to modify dopami­
nergic systems, directly on HE secre­
tion. We used zebrafish embryos for 
this purpose, because the relatively 
thin egg envelope of zebrafish fa­
cilitates the preparation of large 
quantities of denuded embryos. Ex­
posure of these embryos to salsolinol 
causes an earlier release of HE (Fig. 
3), whereas dopamine delays HE secre­
tion (Fig. 4 ) . In this experimental 
set-up pimozide had a slight advan­
cing, whereas apomorphine and bromo­
criptine had a slight retarding ef­
fect. The findings illustrated in 
figures 3 and 4 corroborate the con­
clusion drawn from the medaka expe­
riments, i.e. dopamine receptors are 
involved in the secretion of HE. 
Figs. 3 and 4. Effect of salsolinol and dopamine on HE secretion by zebrafish em­
bryos . Zebrafish embryos in age between about 48-72 h after fertilization (stage 
23 according to the normal table of Hisaoka and Battle25) were used. The cumulative 
percentage of hatched embryos that were untreated and incubated in control medium (0) 
or in medium containing dopamine (D) is plotted versus incubation time. The relative­
ly thin egg envelope1 of other zebrafish embryos in the same stage was carefully re­
moved by means of sharpened watchmaker!s forceps. These denuded embryos (40 in each 
incubation) were incubated either in 10 M salsolinol (gift from Dr G.A. Smythe, St 
Vincent's Hospital, Darlinghurst, Australia) , dopamine (cone. 5x10-5 - 5х10"7М; 
Sigma Chemical Co, St Louis, MO, USA) or control medium. Dissolution of the drugs 
and composition of the control medium was as described in the legend of figures 1 and 
2, with the proviso that distilled water (pH 7.2) was used instead of Hugh's medium. 
The media in the dopamine experiment, illustrated in figure 4, contained 10 M 
ascorbic acid to prevent oxidation of dopamine. The proteolytic activity of the me­
dia was determined with the sensitive fluorogenic casein breakdown test described 
before^ and is expressed as the resulting increase in fluorescent units (ÛFU). The 
graphs show the mean value of two duplicate incubations versus the incubation time 

















































The localization of hatching gland 
cells (HGCs) on the outside of the 
zebrafish embryo in three patches in 
24 
the yolk sac wall and not inside 
the buccal cavity as in the medaka 
and Fundulus heteroclitus , is of 
special importance because those au-
thors, who proposed a mechanical HE 
release mechanism in teleosts, suggest 
that opercular movements (in embryos 
with internal HGCs) and rotating body 
movements within the egg envelope (in 
embryos with external HGCs) may re-
sult in HE secretion ' ' . This means 
that in the case of a mechanical re-
lease mechanism denuded zebrafish em-
bryos (with external HGCs and unable 
to rotate within the egg envelope) are 
expected to be incapable of releasing 
their HE contents or to do so only 
with considerable delay, compared to 
controls that are enclosed by an en-
velope. The graphs of figures 3 and 
4, however, clearly show that in con-
trols HE release from denuded embryos 
is well correlated with hatching. A 
similar result was reported earlier for 
2 
denuded pike embryos (Esox luciusL.) 
3 
that also have external HGCs . In our 
opinion these results make a mechani-
cal HE release mechanism in teleosts 
unlikely. 
The present results provide addi-
tional evidence for a physiological 
role of prolactin in controlling HE 
secretion. Therefore, besides their 
significance for the understanding of 
the regulation of hatching in tele-
osts, the present observations may 
have an impact on the insight of the 
control of prolactin secretion from 
the teleostean prolactin cells present 
in the embryonic hypophysis shortly 
before hatching (unpublished results). 
Oxygen shortage inside the egg may 
trigger HE release, as is suggested 
before * ' * , although the afore-
mentioned experiments with denuded 
zebrafish and pike embryos indicate 
that this is not necessarily the sole 
factor. We suggest that the so-called 
• * •
 7 > 2 7 
respiratory stress response mo-
bilizes prolactin, known as a "stress 
10 28 
hormone" * , leading to HE release. 
The observed increase in embryonic 
motility around hatching may be caused 
by the same dopaminergic control sys-
tem, since dopamine has an effect on 
muscle contractions governed by the 
autonomic nervous system (see, for 
21 instance, ref. ). The respiratory 
stress response may explain the 
aforementioned higher hatching rate 
of medaka embryos during the light 
period. The oxygen consumption of the 
fish embryo, which rises during em-
29 30 bryonic development ' may peak 
in the light period due to higher 
30 
activity of the embryo . As the egg 
envelope forms a barrier for the up-
30 
take of oxygen m the egg the avail-
able oxygen for the embryo may reach 
a critical minimum from which it can 
30 
escape by hatching .Besides, fish em-
bryos may already have a circadian 
rhythm with respect to prolactin 
concentration in plasma, such as found 
in adult fishes, with a peak late du-
ring the dark or early in the light 
period 
124 
In conclusion, the presence of both 
HGCs and prolactin cells in the téleost 
embryo probably defines the earliest 
possible time of hatching. The nervous 
system further regulates the hatching 
event, possibly through a hypothala-
mic dopaminergic control mechanism. 
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GENERAL DISCUSSION AND SUMMARY 
The investigation presented in this 
thesis demonstrates that hatching in 
fish embryos is the climax of a com-
plex process of catenated events. This 
complexity necessitates to examine 
structural and functional aspects at 
different levels of biological orga-
nization. We have focused on some bio-
chemical aspects of hatching enzyme, 
on morphological changes associated 
with egg envelope breakdown and on the 
ultrastructural dynamics during hatch-
ing enzyme release and hatching gland 
cell degeneration. Furthermore, an ex-
ploration of the physiological mecha-
nisms controlling hatching enzyme re-
lease was started. 
Chapter 1 briefly describes the place 
of hatching in ontogenetic development. 
It also reviews the main published work 
dealing with teleostean hatching, which 
served as a basis for the present in-
vestigation. 
In Chapter 2 an isolation procedure 
for hatching enzyme of the pike (Esox 
lucias L.) and the medaka (Oryzias 
latipes) is presented. We have chosen 
the pike material for further experi-
mentation, because large amounts of 
hatching medium are available from 
hatcheries. In addition, the enzyme 
in this crude form is quite stable in 
frozen state. The characterization of 
the enzyme was mainly focused on its 
molecular weight and its conjectured 
metalloprotease nature. As pointed out 
in Chapter 1, before the start of 
the present investigation, gel chroma-
tographic molecular weight determi-
nations of the teleostean hatching 
enzyme performed in several labora-
tories suggested a value around 
10 000. In the case of the pike the 
elution volume of the enzyme ob-
tained during gel chromatography 
points to a similar molecular weight. 
Two different electrophoretic tech-
niques and analytical ultracentrifu-
gation, however, show that the mole-
cular mass is about twice as high: 
approximately 24 000 dalton. We con-
clude that the latter value is cor-
rect and that some unknown inter-
action of the enzyme with gel chroma-
tography matrices causes retardation 
leading to a lower estimate.A series 
of experimental findings concerning 
inhibition of hatching enzyme, ac-
tivation of the enzyme, re-activation 
of inhibited enzyme, activation of 
apo-enzyme and analyses of the metal 
contents of the enzyme, leads to the 
conclusion that pike hatching enzyme 
is a zinc-metalloprotease. The pike 
enzyme is insensitive to inhibitors 
of serine proteases and thiol pro-
teases. The inhibition by dithio-
erythreitol is probably due to a 
combination of two effects: removal 
of zinc from the enzyme, and reduc-
tion of disulfide bonds in the enzyme 
molecule. The presence of two disul-
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fide bridges in the enzyme is shown 
by amino acid analysis experiments. 
We have used the purified hatching 
enzyme as an antigen to raise specific 
antibodies in rabbits (Chapter 3). Im-
munodiffusion and immunoelectrophore-
tic studies of the hatching medium 
composition show that probably only 
one protease, i.e. hatching enzyme, 
is involved in the escape from the en-
velope. Innnunocytochemical localiza-
tion of anti-hatching enzyme reactive 
sites in pike embryos demonstrates that 
the supposed hatching gland cells in-
deed contain hatching enzyme. These 
cells (about I 200 per embryo) occur 
as single cells between the periderm 
and the presumptive epidermis, scat-
tered over the entire head region and 
the anterior part of the yolk sac wall. 
Also at the electron microscopic 
level (Chapter 4 ) , consistent evidence 
was obtained, that the hatching gland 
cell granules are the site of anti-
hatching enzyme reactive material. In 
our opinion, these results, taken to-
gether with the evidence of Chapter 3, 
definitely prove that the hatching 
gland cell is the site of hatching 
enzyme synthesis, storage and release, 
as has been suggested by some authors 
(Section 1.6). At first sight, in 
hatching gland cells the secretion is 
of the holocrine type (only a single, 
massive release of hatching enzyme 
occurs). But a study of the secretory 
cycle indicates that merocrine or 
eccrine secretion takes place. The 
enzyme is released in an exocytotic 
process in which multiple secretion 
into a secretion vacuole predomina-
tes. The transitory hatching gland 
cell degenerates in the first days 
following hatching. As this dege-
neration is characterized by conden-
sation of the cell, formation of 
surface protuberances and splitting 
up into globular cell fragments, it 
is inferred that pike hatching gland 
cells degenerate by apoptosis. 
The fine structural architecture 
of the egg envelope of the pike, the 
zebrafish (Brachydanio rerio) and an 
annual fish (Nothobzanchius kort-
hausae), is described in Chapter 5. 
The relative thickness of the enve-
lopes of these embryos, which clearly 
display major differences in ontoge-
netic development, was measured. The 
ensuing data do not lend support to 
the correlation between envelope 
thickness and egg ecology, proposed 
by some investigators, on the basis 
of either a pelagic or a demersal 
habitat. We are more inclined to 
think that the duration of the em-
bryonic phase is a major factor ac-
counting for the thickness of the en-
velope. Breakdown of the egg envelope 
by hatching enzyme and pronase in 
vitro, is limited to the zona radiata 
interna. The zona radiata externa 
remains intact. But under natural 
conditions of hatching, the zona ra-
diata externa does undergo changes, 
possibly by microbial digestion. The 
decrease in thickness of the zona 
radiata interna in vivo is preceded 
by a significant swelling. The ex-
tent of digestion of the zona radiata 
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interna in vivo differs according to 
the species studied. Our results sug-
gest that proteolysis of the zona ra-
diata interna in teleost embryos with 
thick envelopes is complete, whereas 
it is incomplete in species with re-
latively thin envelopes. 
As pointed out in Chapter ], some 
authors have observed swelling of the 
egg envelope during incubation with 
certain proteases or a particular agar 
electrophoretic fraction of hatching 
gland cell homogenates. These obser-
vations have in the past led to the 
postulation of the existence of a 
"swelling enzyme". In Chapter 6 the 
swelling phenomenon is studied in 
more detail. The envelope turns out 
to swell upon incubation with pronase, 
therraolysin and sodium hydroxide. In-
cubation under suboptiraal conditions 
with hatching enzyme or pepsin also 
results in a slight swelling. In all 
these cases the observed swelling is 
followed by a decrease in envelope 
thickness and by solubilization of the 
zona radiata interna, suggesting that 
the swollen envelope represents an in-
termediate stage in proteolysis of the 
egg envelope. A noticeable swelling 
of the envelope is also recorded after 
exposure to a component from hatching 
gland homogenates obtained by agar gel 
electrophoresis. This effect could not 
be reproduced with any fraction of the 
same homogenates obtained by electro-
phoresis in other media. It is worth 
mentioning, that the "swelling frac-
tion" is proteolytically active. On 
the basis of these findings we con -
sider the presence of a distinct 
swelling enzyme in hatching gland 
cells unlikely. 
Summarizing Chapters 2 to 6, we 
may conclude that pike hatching en-
zyme is a zinc-metalloprotease of 
about 24 000 dalton. The teleostean 
hatching enzyme is produced by speci-
fic, transitory eccrine glands, and 
it is the only enzyme which partici-
pates directly in the emergence of 
the embryo, by dissolving the zona 
radiata interna of the egg envelope 
to an extent that may be inversely 
proportional to its relative thick-
ness . 
From Chapter 1 it may be clear 
that a good timing of the hatching 
event is essential for the survival 
of the embryo, but that its regula-
tion is largely unknown. In the 
Chapters 7, 8 and 9 the interest is 
directed toward the regulation of 
the hatching process, in particular 
of hatching enzyme secretion. In 
Chapter 7 we report on the develop-
ment of a method for the isolation 
of hatching gland cells for the pur-
pose of cell physiological experi-
ments . The medaka turns out to be a 
suitable subject in this respect, as 
fertilized eggs are available on a 
daily basis from a laboratory stock, 
and the contiguous hatching gland 
cells are easily prepared from the 
buccal cavity. For most purposes non-
dissociated hatching gland expiants 
can be used. If single cells are 
wanted, dissociation in the presence 


























Fig. 1. Hypothetical regulatory circuits leading to hatching enzyme release from 
hatching gland cells in teleost fish. Terras in italics represent agents and 
conditions that influence hatching enzyme secretion, presumably at the sites 
indicated. For a description of the effect of light, dopamine, salsolinol, ecMT, 
bromocriptine, apomorphine and pimozide, see Chapter 9· The experiments with 
prolactin and Cortisol are partly described in Chapter 8. The evidence for an 
effect of prolactin and Cortisol is further extended in our unpublished work, 
just as the results obtained with TRH, norepinephrine and epinephrine in enve-
loped or denuded embryos and the effect found with the cation ionophore A23187, 
NaCN, C1CCP and N2 ("low oxygen") on isolated hatching glands. Some of the re-
sults obtained with these substances are reported in a preliminary publication 
(Schoots AFM, Sackers RJ, de Bont RG and Denucé JM (1981) Arch. Int. Physiol. 
Biochim. 89: B77-B78). Low oxygen concentrations of the medium containing whole 
embryos ("low POo"' and alternating current (AC) are interpreted as so-called 
stressors. A description of the latter two experimental results is presented in 
Section 1.7. For abbreviations, see pg 8. 
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centrifugation in Percoli yields about 
45% of the hatching gland cells at an 
approximate purity of 80%. 
The non-dissociated hatching gland 
expiants were used to test a variety 
of agents for a possible effect on 
hatching enzyme release. One of the 
lines of investigation was based on 
the assumption that a possible phy-
siological agent, regulating hatching 
enzyme secretion, may be present not 
only in fish embryos but in adult fish 
as well. From homogenates of adult 
medakas a fraction was obtained by gel 
chromatography that had a stimulatory 
effect on hatching enzyme secretion. 
The elution volume of this fraction 
corresponds to a globular protein of 
about 20 000 dalton. Using homogenates 
made of different parts of medakas, 
we have found that homogenates of the 
head gave the highest stimulation of 
hatching enzyme secretion. This points 
to a possible involvement of a hypophy-
seal hormone. In pursuing this idea, 
we tested different parts of the pi-
tuitary gland of the trout. The homo-
genate of the prolactin lobe of the 
pituitary gland shows a marked sti-
mulating effect on the enzyme secre-
tion from hatching gland cells. As-
suming that the active component is a 
globular protein, gel chromatography 
again indicates a molecular weight of 
20 000. Its localization in the pro-
lactin lobe and its apparent molecu-
lar weight are highly suggestive that 
the activating substance is prolactin. 
Since prolactin cells in adult ver-
tebrates are controlled by dopaminer-
gic fibres in the hypothalamus, we 
hypothesize that a dopaminergic sys-
tem may be involved in the control of 
hatching enzyme release. To verify 
this hypothesis we exposed enveloped 
medaka embryos and denuded zebrafish 
embryos to agents that are known to 
modify the activity of dopaminergic 
systems. Precocious hatching of medaka 
embryos was found in the presence of 
pimozide, salsolinol and ec-methyl-
para-tyrosine, whereas delayed hat-
ching occurred with bromocriptine 
and apomorphine. Moreover, the hat-
ching rate in the light period of 
medaka eggs, exposed to a 12 h light/ 
12 h dark cycle, is significantly 
higher than in the dark period. Pre-
cocious hatching enzyme secretion 
from denuded zebrafish embryos is 
obtained by salsolinol, whereas do-
pamine has an opposite effect. These 
results all suggest a controlling 
influence of dopamine receptors, 
possibly located in the central nerv-
ous system. These data further sug-
gest that at the time of hatching 
hypothalamic-hypophyseal tracts 
have been established. At the same 
time it turned out that in controls 
hatching enzyme release from denuded 
embryos is well correlated with hat-
ching. This is also reported in 
Chapter 2 for denuded pike embryos. 
These findings do not support the 
mechanical release hypothesis of 
hatching enzyme proposed by several 
authors. 
We think that the present results 
are brought into a better perspective 
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when considered in terms of a system 
that controls the timing of the hat-
ching event and that comprises the 
following elements: 
(1) hatching gland cells which have 
completed the synthesis of considera-
ble amounts of hatching enzyme (i.e. 
hatching gland cells that have arriv-
ed in their storage phase, cf. Chap-
ter 4) and which possess devices that 
make a stimulus-secretion coupling 
possible; 
(2) prolactin cells; this presup-
poses a differentiated embryonic hypo-
physis equipped with prolactin cells 
containing the hormone; 
(3) a hypothalamic dopaminergic sys-
tem which (probably together with oth-
er neural systems) controls the libe-
ration of prolactin; 
(4) sensory structures, which are ca-
pable of translating inputs into neu-
ral messages that are processed in 
the nervous system; 
(5) extra-embryonic influences, such 
as illumination and/or a low oxygen 
concentration in the perivitelline 
fluid. These may change the temporal 
relations of organismal synchronizers 
of cellular rhythms in the embryo, 
eventually leading to hatching enzyme 
release. This speculative model is 
represented in diagram form in Figure 
1 . Also shown are the conjectured 
sites of action of agents and con-
ditions which have been tested for 
a possible effect on hatching or 
hatching enzyme release. The preli-
minary finding (not reported in this 
thesis) that the divalent cation 
ionophore A23187, various inhibi-
tors of the mitochondrial respiratory 
chain and anoxic conditions stimulate 
hatching enzyme release from isolated 
hatching glands, gives some indica-
tion that calcium could function as 







Het Enzymatisch Uitkomen van Visembryo's 
Dierlijke embryo's worden gedurende 
hun vroege ontwikkeling omringd door 
een eiomhulsel. Funktie en struktuur 
van dit omhulsel variëren sterk bij 
de diverse diergroepen. In alle ge-
vallen heeft het echter primair een 
beschermende funktie. Om voedsel van 
buitenaf op te kunnen nemen en te 
kunnen groeien, zal het embryo zich 
moeten ontdoen van dit omhulsel. Dit 
uit het ei komen van een embryo wordt 
"hatching" genoemd. Afhankelijk van 
het ontwikkelingspatroon van een be-
paalde diersoort vindt dit uitkomen op 
een vroeger of later tijdstip tijdens 
de ontogenie (ontwikkeling van eicel 
tot volwassen individu) plaats. Zo be-
vrijden zoogdierembryo's zich al heel 
vroeg van hun omhulsel (in het blas-
tula-stadium), waarna implantatie 
plaatsvindt en tot aan de geboorte 
voedingsstoffen via de baarmoederwand 
toegevoerd worden. Visembryo's daar-
entegen verlaten hun omhulsel veel 
later tijdens de ontogenie. Zij komen 
uit het ei als de meeste organen in 
beginsel al aanwezig zijn. In Hoofd-
stuk 1 wordt kort ingegaan op enkele 
ontwikkelingspatronen en de plaats 
van het hatchingproces hierin. Tevens 
worden in dat hoofdstuk de hatching-
mechanismen van de gewervelde dieren 
vergeleken, waarbij de aandacht voor-
al uitgaat naar het uitkomen van vis-
embryo's. Het eiomhulsel van visem-
bryo's is relatief dik en taai en het 
embryo zou zonder speciale voorzien-
ingen onmogelijk uit het ei kunnen 
komen. Hiervoor is het nodig dat het 
eiomhulsel aanzienlijk verzwakt wordt. 
Dit gebeurt met behulp van een speci-
fiek enzym, het zogenaamde hatching-
enzym. 
Ondanks een lange geschiedenis van 
het onderzoek naar het uitkomen van 
vissen, is het inzicht nog verre van 
volledig (Hoofdstuk 1). Het hatching-
proces van vissen is een keten van 
samenhangende gebeurtenissen op ver-
schillende niveaus van biologische 
organisatie (molekulair, cellulair, 
organismaal). Voor een goed begrip 
van dit gekompliceerde proces is het 
noodzakelijk om strukturele en funk-
tionele eigenschappen van de verschil-
lende onderdelen zoveel mogelijk ge-
ïntegreerd te bestuderen. Tijdens het 
onderzoek, dat in dit proefschrift is 
beschreven, zijn dan ook biochemische, 
morfologische en fysiologische bena-
deringen gekombineerd. 
Allereerst is gezocht naar een vis-
soort die in aanmerking zou kunnen 
komen om het hatchingenzym nader te 
karakteriseren. In verband met een 
grootschalige kweek van snoekeieren 
bij de Organisatie voor Verbetering 
van de Binnenvisserij in Lelystad, is 
de snoek (Esox lucius L.) hiervoor in 
hoge mate geschikt, temeer daar het 
ongezuiverde enzym in het hatching-
medium (het water waarin de eieren 
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uitkomen) in diepgevroren toestand 
zeer stabiel is. In Hoofdstuk 2 is een 
zuiveringsprocedure voor het hatching-
enzym van de snoek beschreven, die 
vooral gebaseerd is op gelfiltratie 
met Sephadex G-75 en op affiniteits-
chromatografie met carbobenzoxy-D-
phenylalanyltriethyleentetramine-
Sepharose-4B. De molekuulmassa van 
het hatchingenzym is met behulp van 
verschillende e lek tr of orese technieken 
en analytische ultracentrifugatie be-
paald op ongeveer 24 000 dalton. Dit is 
ongeveer tweemaal zo hoog als de mole-
kuulmassa bij gelchromatografie, de 
methode waarmee tot nu toe door andere 
onderzoekers de molekuulmassa werd 
bepaald. Bovendien hebben wij het hat-
chingenzym gekarakteriseerd als een 
zink-metalloprotease. Het enzym blijkt 
verder een glycoproteïne met ongeveer 
2% koolhydraat, een isoelektrisch 
punt van ongeveer 6,5 te hebben en 
een pH-optimum van rond de 8. Amino-
zuuranalyses laten zien dat het enzym 
waarschijnlijk geen cysteine-residuen 
(vrije SH-groepen) bevat, maar wel 
twee cystine-residuen (disulfidebrug-
gen). 
In Hoofdstuk 3 staat beschreven hoe 
tegen het gezuiverde hatchingenzym 
van de snoek specifieke antilichamen 
zijn bereid. Met behulpvan deze anti-
lichamen is langs immuuncytochemische 
weg vastgesteld, dat de presumptieve 
hatchingkliercellen inderdaad het hat-
chingenzym produceren. Tevens is aan-
nemelijk gemaakt, dat de tweede pro-
teolytisch aktieve fraktie, die in het 
hatchingmedium van vissen gevonden 
wordt, een komplex is van hatching-
enzym met niet-enzymatisch eiwit, 
vermoedelijk afkomstig van het na-
tuurlijk substraat. Met behulp van 
tegen gezuiverd hatchingenzym gerichte 
antilichamen is verder aangetoond dat 
na het uitkomen van het embryo hat-
chingkliercelfragmenten voorkomen op 
de plaats waar in prehatching-stadia 
de aktieve kliercellen zelf gelokali-
seerd zijn. 
In Hoofdstuk 4 worden de resultaten 
vermeld van een elektronenmikroskopi-
sche studie naar: 
1. de morfologische veranderingen van 
de hatchingkliercellen tijdens de af-
gifte van het enzym en 
2. de posthatching-degeneratie. 
Ad I. De kliercellen blijken hun in-
houd te lozen door middel van exocy-
tose, hoofdzakelijk via een zogenaam-
de sekretie-vakuole. Dit betekent dat 
de hatchingkliercellen merocriene of 
eccriene kliercellen zijn. Na de een-
malige, massale afgifte van het enzym 
degenereren de cellen. 
Ad 2. De celdood wordt gekenmerkt 
door kondensatie van de hatching-
kliercel en afsnoering van min of 
meer ronde celfragmenten, die worden 
gefagocyteerd door omringende epi-
dermale cellen. Een histochemische re-
aktie op zure fosfatase geeft aan dat 
na deze fagocytose de cel fragmenten 
worden afgebroken. Deze gang van zaken 
duidt op een apoptotische celdood. 
Het eiomhulsel bij visembryo's be-
staat uit drie strukturen: de aan de 
binnenkant gelegen zona radiata in-
terna, de zona radiata externa en aan 
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de buitenkant de zona pellucida. In 
Hoofdstuk 5 worden de ultra-
strukturele veranderingen in het ei-
omhulsel van drie soorten beenvissen 
tijdens het hatchingproces іл vivo en 
tijdens inkubaties met hatchingenzym 
in vitro beschreven. Hiervoor werden 
visembryo's gekozen met eiomhulsels, 
die nogal verschillend van opbouw zijn. 
Dit onderzoek heeft aan het licht ge­
bracht, dat de zona radiata interna 
van het relatief dikke eiomhulsel 
van Nothobranchius korthausae totaal 
wordt afgebroken, zowel in vivo als 
in vitro. De veel dunnere eiomhulsels 
van de zebravis, Brachydanio rerio, 
en de snoek worden in vivo minder ver­
gaand afgebroken, ofschoon inkubaties 
in vitro demonstreren dat de totale 
zona radiata interna ook bij deze 
soorten fungeert als natuurlijk sub­
straat voor hatchingenzym. Bovendien 
wordt in vivo de zona radiata externa 
aangetast, waarschijnlijk door devele 
mikro-organismen die op het buiten­
oppervlak van het eiomhulsel aanwezig 
zijn. In Hoofdstuk 5 veronderstellen 
we dat een langere tijdsduur van de 
embryonale periode bij beenvissen zijn 
weerslag vindt in een dikker eiomhul­
sel en dat deze kategorie omhulsels 
tijdens het uitkomen ingrijpender 
wordt aangetast door hatchingenzym. 
In Hoofdstuk 6 wordt de zwelling 
van het eiomhulsel, die optreedt tij­
dens het hatchen (Hoofdstuk 5) nader 
bestudeerd. Zwelling treedt ook in 
vitro op tijdens enzymatische Proteo­
lyse van het eiomhulsel onder invloed 
van thermolysine en pronase alsook 
tijdens niet-enzymatische hydrolyse 
met natriumhydroxyde. Hatchingenzym 
en pepsine geven onder suboptimale 
omstandigheden ook een lichte zwel­
ling van het eiomhulsel te zien. In 
al deze gevallen wordt de zwelling 
gevolgd door afname in dikte en af­
braak van de zona radiata interna. 
Deze resultaten zijn aanleiding om 
te veronderstellen dat zwelling een 
normaal verschijnsel is tijdens af­
braak van de zona radiata interna. 
De gesuggereerde aanwezigheid van een 
speciaal zwellingsenzym in de hat-
chingkliercellen lijkt ons onwaar­
schijnlijk. 
Het is duidelijk, dat een goede 
bescherming van het embryo tijdens 
zijn vroege ontwikkeling essentieel 
is. Het is evenzeer van levensbelang 
dat het embryo bijtijds uit het ei 
ontsnapt om zich verder te kunnen 
ontwikkelen. In de Hoofdstukken 7, 
8 en 9 richten wij onze aandacht op 
de regulatie van het hatchingproces. 
Er is eerst gezocht naar een methode 
om hatchingkliercellen te isoleren 
(Hoofdstuk 7) teneinde celfysiolo-
gische experimenten uit te kunnen 
voeren. De medaka (Oryzias latipes) 
blijkt als proefdier in dit opzicht 
goed te voldoen, omdat van deze vis 
dagelijks eieren afgestreken kunnen 
worden, terwijl de hatchingkliercel­
len zodanig in de mondholte gegroe­
peerd liggen dat ze redelijk gemak­
kelijk uit te prepareren zijn. Ook 
hun aantal (* 900 per embryo) is re­
delijk gunstig. Dissociatie van de 
cellen in aanwezigheid van runder-
141 
serumalbumine, gevolgd door centrifu-
gatie op Percoli, geeft een preparaat 
van geïsoleerde cellen met een zuiver-
heid van ongeveer 80%. De opbrengst 
ligt in dat geval rond de 45%. 
Hoofdstuk 8 bevat de resultaten van 
een onderzoek naar de primaire sti-
mulus van de sekretie van hatching-
enzym in de medaka. Hierbij zijn wij 
uitgegaan van de gedachte dat een 
eventuele stoffelijke stimulus ver-
moedelijk niet alleen in embryo's 
voorkomt, maar ook in volwassen meda-
ka' s. De gelchromatografisch verkre-
gen fraktie van een medakahomogenaat 
met een vermoedelijk molekuulgewicht 
van ongeveer 20 000 blijkt de basale 
hatchingenzym-sekretie van hatching-
klier-explantaten te verhogen. Bij 
driedeling van medaka's is het vooral 
het homogenaat van de kop dat deze 
verhoging geeft. Omdat deze resulta-
ten in de richting van een hypofyse-
hormoon wijzen, hebben we homogenaten 
van deelgebieden van de hypofyse van 
de beekforel (Salmo trutta fario) ge-
test. Bij een dergelijke test werkt 
het homogenaat van de rostrale pars 
distalis (het gedeelte van de hypo-
fyse dat voornamelijk prolactinecel-
len bevat) stimulerend op de hatching-
enzym-sekretie. De "20 000 dalton 
fraktie" uit dit homogenaat blijkt 
de aktieve faktor te bevatten. Deze 
resultaten tonen aan dat de vis-
sehypofyse een faktor bevat, die 
de afgifte van hatchingenzym sti-
muleert . Vanwege het voorkomen in de 
rostrale pars distalis en het ver-
moedelijke molekuulgewicht, wordt 
in de eerste plaats aan prolactine 
gedacht. 
Hoewel een fysiologische rol van 
prolactine in de regulatie van het 
hatchingproces in Hoofdstuk 8 niet 
definitief is vastgesteld, is de 
mogelijke rol van dit hypofysehor-
moon in het hatchingproces aanleiding 
geweest om na te gaan of eventueel 
een dopaminergisch systeem betrokken 
is bij de kontrole van de hatching-
enzym-afgifte. Hoofdstuk 9 be-
schrijft de beïnvloeding van het hat-
chingtijdstip, die verkregen wordt 
als medaka-embryo's worden geïnku-
beerd in agonisten en antagonisten 
van dopaminereceptoren. Tevens is 
het effekt bestudeerd van dergelijke 
stoffen op de afgifte van hatching-
enzym door zebravïsembryo's waarvan 
het eiomhulsel is afgeprepareerd. 
De in dit hoofdstuk beschreven re-
sultaten maken de invloed van een 
dopaminergisch systeem aannemelijk. 
Daarentegen achten wij de door som-
mige auteurs gesuggereerde afgifte 
van hatchingenzym onder invloed 
van bewegingen van het embryo on-
waarschijnlijk; dit vermoeden be-
rust op een gevonden positieve kor-
relatie tussen het uitkomen en de 
afgifte van hatchingenzym door 
uit hun eiomhulsel geprepareerde 
zebravïsembryo's. De experimentele 
gegevens uit de Hoofdstukken 8 
en 9, aangevuld met nog te pu-
bliceren resultaten, zijn vervat 
in een hypothetisch model van de 
regulatie van de hatchingenzym-
afgifte uit de hatchingkliercellen 
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De schrijver van dit proefschrift werd op 8 oktober 1951 te Nijmegen ge-
boren. Van 1971 tot 1977 studeerde hij aan de Katholieke Universiteit te 
Nijmegen. Het kandidaatsexamen biologie en scheikunde (met wiskunde en na-
tuurkunde als bijvakken, B4) werd afgelegd m 1974. Het doktoraalexamen 
biologie werd cum laude behaald in 1977. Hoofdrichting was biochemie (onder 
verantwoordelijkheid van prof. S.L. Bontmg en prof. H. Bloemendal en als 
stagebegeleiders prof. J.J.H.H.M. de Pont en prof. H.J. Hoenders), de bij-
vakken waren ontwikkelingsbiologie der dieren (prof. J.M. Denucé) en dier-
fysiologie (prof. A.P. van Overbeeke, dr. J.H.F, van Abeelen). 
Vanaf 1978 is de auteur werkzaam als wetenschappelijk medewerker op de 
afdeling Zoologie (Ontwikkelingsbiologie) van de Faculteit der Wiskunde en 
Natuurwetenschappen aan de Katholieke Universiteit te Nijmegen. Tijdens deze 
periode is een bijdrage geleverd aan het pre- en postkandidaatsonderwijs bio-
logie (embryologie voor Ie en 3e jaars studenten, immuunbiologie voor 3e 
jaars studenten, stagebegeleidmg van doktoraalstudenten ontwikkelingsbiologie 
der dieren) en aan de stagebegeleidmg van HBO-studenten m de analytisch-
chemische en zoologische richting. Jn dezelfde periode is het onderzoek ver-
richt dat m dit proefschrift beschreven is. 
In mei van dit jaar werd hem door de Niels Stensen Stichting een stipendium 
toegekend, dat hem m staat stelt met ingang van januari 1983 gedurende een 
jaar te werken op de Department of Biochemistry and Biophysics, University 
of California, Davis, California, U.S.A. 
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,{ 
Artikel 23, lid 1, van de Promotieregeling van de Katholieke Universiteit 
Nijmegen over dankbetuigingen in een proefschrift blijkt in de praktijk niet 
te stroken met artikel 6, lid 2, van dezelfde promotieregeling betreffende 
het promoveren op artikelen. 
XI 
De manier waarop veel personen m of achter een politieke partij staan is 
vergelijkbaar met de wijze waarop leden en supporters hun sportklub steunen: 
zelfs bij aanvechtbare spelopvattingen blijven ze hun team trouw. 
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Omdat woorden als afval, onkruid, schaamhaar e.d. altijd een intrinsiek 
negatieve waarde hadden, is het gerechtvaardigd ze voorlopig te vervangen 
door bijvoorbeeld hergebruikgoed, snelgroeigroen en pretpluis. 
André Schoots, Nijmegen, 15 oktober 1982. 



